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Chapter 1 
INTRODUCTION 
Statement of Problem 
Sizable annual va riat ion in agricult ural production and income 
has long been an obst acle to long-range , agriculturally-orient ated 
economic planning and development in the Northern Great Plains states. 
Paramount as a cause o f  this obst acle is the inconsistency o f  crop 
yields primarily due to annual f luctuat ions , somet imes severe , in the 
quantity and seasonal dist ribu t ion o f  rainfall. Irr igat ion is the logi­
cal solution for stabil izing agricultural product ion and income. As 
such it shou ld be included in any econo mic planning and de�elopment 
undertaken for any geographi cal area subjec t to product ion and income 
var iability .  Such an a rea is the Eastern Misso uri Slope o f  South Dakota . 
Although current in the overal l advances of  modern agric ultural technol­
ogy this area consistently experiences variable annual agricult ural 
produc tion and income. 
The development o f  sprinkler ir rigat ion has the advan tages o f  
little o r  no requirement f or land-shaping and o f  allowing rather exact 
application of uni form quant ities of water. As such it has been con­
sidered for some time as a promising means of  combat ing product ion and 
income variability in the Eastern Missouri Slope Area of South Dakota. 
Serious in-depth consideration of this develo pment has been severely 
hampered , if no t in some c as�s precluded , by the not iceable lack o f  
current economic planning data o n  the effec ts of sprinkler irrigat ion. 
Formulation o f  such a body o f  data is complicated by the existence of 
numerous types and variat ions o f  sprinkler irrigat ion syst ems� Each 
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ystem di ffers from the o thers in such basic considerat ions as the type 
of land and crops the system is design�d to most ef f ici ntly irrigate 
and in the capi t al and labor requirements o f  the system. Further com­
plicating the formulation o f  such a body o f  data is the rapidly changing 
technological developmen� ;md advances being made in the manufacture 
and improvement of the irrigat ion systems themselves. This presents 
the economic planner ,  whether he is the researcher compil ng the data or 
the individual applying the data , with a continuously cha ging selection 
of sprinkler irriga t ion systems f rom which to choose. 
To be of maximum use fulness , economic planning data pert aining 
to the applic at ion o f  sprinkler irrigat ion to the agricult ural processes 
of the Eastern Missouri Slope Area o f  South Dakota must ac curately exam­
ine the e f fects o f  irriga tion upon the entire farm firm and not just 
upon isola ted enterpTises wi thin the firm . Such an examination requires , 
to the great est degree possible , a complete considerat ion o f  at least 
the major variab les used in the farm firm's production activities. 
Significant among these a re the capit al requirement s  and availabil ities , 
the labor requiremen ts and availab i l ities , the so il conditions and types , 
the crops and their p roduction responses , the livesto ck alternat ives and 
their returns , and the most current price infonnation possible . 
From this examination must be drawn , accurately and objectively , 
the advantages and the d isadvantages of using sprinkler irrigation. 
Some of these results m ay be quite objective , being direct l y  indi cated 
by the quant it at ive measures of returns acc ruing to the finn after the 
adoption of irrigat ion. Other re u lts may be quite subject ive , dealing 
with the individual operator's evalu tion of the degree and importanc 
of the produ c t ion and income st abil ity to be obtained by utilizing 
prinkler irriga t ion. Regardless of the results of the examinat ion , 
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whether po it ive or negative , whether object ive or subject ive , the results 
of the analysis must be completely and ac curately presented in order to 
give the user the most complete and unbiased data possible. Ideally 
such analysis should also possess a degree of projection suf fi c ient to 
prevent the data from becoming rapidly obsolete. 
The cont inuously expanding interest in sprinkler irrigation 
in the Eastern Missouri Slope Area of South Dakota and the simultaneously 
increasing need for economic planning data on t he subject has created 
requ irement which the volume o f  exist ing planning data falls far short 
of meet ing. The existing shortage of useable pl anning data generally 
r sul ts from three factora. First , most o f  the existing data dealt with 
. 
prinkler irrigation appl ed to only a part of the ent ire farm firm , 
usually only to the crop enterprises of the firm's enterprise mix. 
Second, where the entire farm firm was considered the analysis normally 
fell short by considering t he ideal or optimum situation by assuming 
unrestricted labor and c apit al avai labil ity. Such assumptions added a 
large element of unrealism to the resulting analyses. Third , a con-
eiderable port ion of the exist ing body of data on sprinkler irrigation 
is no longer current due t o  the ever-changing technology of irrigat ion 
and to t he continuing changes in agric ultural prices. This study was 
expected to fill t o  some extent the existing need for current , real is-
tic economic planning d ata pertaining t o  the use o f  sprinkler irrigation 
on the f arm f irm in the Eastern Missouri Slope Area of South Dakota. 
Although this study was specif ically geared to the exist.ng agricultural 
production situation of this area it was also expected to fulfill some 
of the general need for current irrigation planning dat • 
Objectives 
The objectives of this study were: 
1. To determine the effects upon the enterpri e combinations 
of a representative f arm firm in the Eastern Missouri Slope Area of 
South Dakota resulting from the introduction of sprinkler irrigation. 
2. To compare the dif ferent effects upon a farm f i rm's enter-
prise combinations resulting from the introduction of the tow line, 
the wheel move, and the center pivot irrigation systems� 
3. To establish f rom these effects certain gen ral and basic 
guidelines for use by f arm operators in the study area in making deci­
ions regarding the introduction of sprinkler irrigation into the ir 
farm f irms' enterprise combinations. 
Procedure 
4 
The procedure used in this study was the application of linear 
programming analysis to a representative farm firm in the Eastern Missouri 
Slope Area of South Dakota to determine its optimum enterprise mix. The 
optimum enter�rise mix was that which maximized net returns subject to 
the assumptions and restrictions included in the linear programming 
model. The tow line, wheel move, and center pivot irrigation systems 
were introduced into the model individually and the resulting optimum 
ent rprise mixes were examined and compared in detail. Detail and depth 
were added to the analysis through the use of various combinat ions o f  
capital and labo r restrictions in the model in conjunction with the 
different irriga t ion systems. These combinations of  �estrict ions were 
intended to make the l inear programming results more representat ive o f  
conditions exist ing in t he st udy area . The intent o f  this study was 
not to give a detailed explanation of the process of linear progranming . 
Several well-known texts , some o f  which are listed in the "Literature 
Cited " section , c an be consulted for additional inf ormat on describing 
this analytical process . 
Major Related Works 
The major rel ated work from which the basic model was d rawn was , 
"An Economic Analysis of Selec ted Irrigation Systems Applicable to The 
Eastern Missouri Slope Area o f  South Dako ta" by Myron W. Wolf f. 'nlis 
work was a Master o f  Science thesis written in 1970  in the Economics 
Department o f  South Dako t a  State University. 
Several assumptions were made in Wol ff's thesis in o rder to 
bring the task of  c onstruc t ing the basic model down t o  manageable pro­
portions. These assumptions are given in Chapter 3 .  The two most 
crit ical assumpt ions appea red t o  be an unlimited supply of bot h  labor 
and capital. A primary objec tive o f  the present study waa to revise 
these two assump tions to more closely reflect the conditions act ually 
existing in the study are� . The intent was to provide a beneficial and 
useful extension of Wo l f f's analysis which would more completely f i l l  
the gap between the results o f  t ha t  study and the intricacies o f  t he 
5 
eal-wo rld situation t o  which it was addressed , therefore, -major revi-
aions were made to t hese two assumptions under their respective headings 
in Chapter 3. The remaining assumpt ions were , wit h the exception o f  
minor revisions , taken directly from the previous wo rk. Where the 
assumption s remain unchan ged they a re duly no ted. 
Description of the Study Area 
The South Dako ta counties o f  Campbell, Wal wo rth, Pot ter ,  Sully, 
and Hughes lie in a block bounded on t he west by the Misso uri River 
and on the no rth by the North Dakota border as can be seen in Figure 
1. Th is rea is known as t he Eastern Missouri Slopes. The Eastern 
Missouri Slope Area of Sout h  Dakota has a climate charac terized by 
extremes in seasonal temperatures and by rapid f luctu t ions in 
6 
t mperatures . The climate in this area is considered in the high 
risk zone fo r the production of dryland crops becau e o f  the unfavor­
able distribution of g rowing-season r ain fal l and t he rain fal l  
variation over a period o f  years. The ann ual precipitation averages 
15 to 17 inches. Fi fty percen t of t his f alls between March first 
and July fourth. The area's average f rost - f ree period varies from 
about 114 days in Campbell county to about 140 days n Hughes county 
Summer days during t he growing season average 11.5 h ours o f  
unshine which is more t han 70 percen t of the possible sunshine. 
The l ong , sunny d ays d uring t he growing season are conducive to 
rapid crop growth , thus partly compensating for the ra ther short 
frost-free period. The temperature ranges from an ext reme o f 115 
degrees above zero in t he summer to 40 degrees below zero in the 
winter. 
The st udy area is located within t he Chestnut soil zone. The 
area is made up of undulat ing or slo ping , well-drained , gray ish­
brown sil t loams and loams. These soils are of t he Agar-Williams, 
Will ams-Zahl, and Raber-Eakin series. Some of the nrublems in­
herent in this kind of soil are maintenance o f  organic matter , 
nitrogen, and moisture conservation. 
The major crops grown in t he st udy area are wheat, oats , barley , 
corn, and alfalfa. Farm types vary from predom in ately l ives t ock to 
cash-grain depending on t he percent age of cro pland in the farm uni t  
and on the pre ference of the operator .! 
!Myron w. Wol ff, "An Economic Analys is of Selected I r rigation 
Systems Applic able to The Eastern Missouri Slope Area of South Dakot a11 
(unpublished Master's thes is , Sou t h  Dakot a  S t ate Universi ty , 1970), 
pp . 3 -6 . 
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Chapter 2 
THEORY AND DEFINITIONS 
Introduction 
The framework upon which the analysis of this chapter was built 
was the variable proportion, factor-factor relationshi� of production 
economics. Agricultural production economics is an applied science 
applying the principles of choice to the use of land, labor, capital, 
nd management resources in the farming industry.2 The b sic concepts 
forming the core of agricultural production economics are the theory of 
the firm and the principles of resource allocation.3 Chief among .the 
analytical "tools" contained in these theories is marginal productivity 
analysis. The reader is assumed to have a working knowledge of these 
concepts and of their application. 
Applicable Theory 
Three relationships form the foundation of production economics. 
They are the factor-output (input-output) relationship, the factor-factor 
relationship, and the product-product relationship.4 These three basic 
relationships provide the framework within which economic efficiency is 
determined, whether the choices relate to the individual farm, the 
2Earl o. Heady, Economics of Agricultural Production and Resource 
Use (Englewood Cliffs: Prentice-Hall, Inc., 1952), p. 8. 
3 Ibid., p. 16. 
41bid.' p. 26. 
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agricul tural industry, or the natio nal eco nomy. TI>.e method of fact or-
ou tpu t  analys is is t o  consider one factor, or resource , as variable and 
all o thers constant. This single variable facto r is then related to the 
firm' s output, or product. 5 The prod uction proce sses o f  the present 
s tudy , however, dealt with multiple variable reso urces. Factor-output 
analysis would be pertinent then only insofar as it co ul d  be used to 
simpl ify or clarify mo re co mplex relationships. 
The remaining two relationships each deal wit h  two v ariable 
coD1Dodities , either reso urce pairs o r  pro duct pair • Under facto r-factor 
analysis different combinations o f  two resources, generally capital and 
labor , are determined fo r a given level of production. 6 One resource 
can be "subs t ituted" fo r the o ther in any amo unt which Maintains the 
given level of output.7 U nder pro duct-pro duct analys is different co m-
b inatio ns of two pro ducts are determined for a give n level o f  resource 
use. 8 Assuming infinitely divisible products, o ne pro duct can be 
"substituted" fo r the o ther in any amount which maint ains the co nstant 
level o f  resource use. 
5 Ibid. 
6 Ibid. , p. 2 01. 
1c. E. F er guson and s .  Char les Maurice, Econo mic Analysis 
(Homewood: Richard D .  Irwin , Inc., 19 7 0) , p. 1 14 . 
8 Heady , op. cit., p. 201 . 
9 
The proces �es o f  l inear programming u s ed in this study detex-
mined the firm' s optim um ente rprise mix f rom the parti c ular combination s  
of variable re sou rces available in the model . As each ent erpri s e  
produced a product , it could a l s o  b e  said that the l inear progrannning 
procedu re s  establ ished the optim um product m ix of the firm . Tile l inear 
programming procedures did not us e the prod uct mix t o  de t e rmine the 
optimum amounts and comb ina t ions of resources . Therefore , factor-factor 
produc t ion analy s i s  is the most pertinent to the present study .  
10 
A produc tion funct ion under factor-factor analy o is is rcpre ented 
by a production is oquant . 9 A single isoquant represents all pos sible 
combinations of the two variable resources which would produce a given 
level of output . The entire range of output level s pos sible for th2 
firm is represented by a series of isoquants called an isoquant map . 
Figure 2 gives an ex ample of an isoquant m ap .  Any i s o quan t wh ich l ie s  
above another i n  a n  iso quant map represents a greater level o f  output . lo 
Substan tia l theoretic �l and p ractical use is m ade of the rate 
at which one input can be substituted for another at a given level of out-
put .  This rate of subs titution is called the marginal rate of technical 
substitut ion . It measures the reduct ion in one input brought about by a 
one unit increase in the other input that is j ust s uf f icient to maintain 
a con s tant level of production . 11 The m a rginal rate of technical 
9 Ferguson , op . cit . , p . 113. 
10 4 Ibid . , p .  11 • 
11 6 Ibid . , p .  11 • 
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ubs titution of capital for l abo r at a point on an is o quant is equal to 
the negative of the s lope o f  the isoquan t at that point.12 Tn e s lope 
of an isoquant at any point is measured by th s lo pe o f  the tangent to 
the is oquant at that point. 13 Points P1 , P2 , P3 , and P4 in F igure 2 
represent such points of tangen cy. The marginal rate of technical s ub-
st itut ion of capital for labo r for is oquants 11 , I2 , 13 , and 4 at 
points P1 , Pz , P3 , a nd P4 res pectively equal the s lopes o f  their respec­
t ive tangents c1 , c 2 , C3 , and c4 • 
The marginal rate of technical s ubstitution of capital for 
labor is also equal to the ratio of the marginal product of 1 bo r to 
the marginal pro du t o f  capital.1 4 Th i s  relationship is represented by 
th follo'-fing equ tion. 
Equat ion 1 : 6K MRTSK for L • - 6L (output constant) 
As labor is s ubs tituted f or capital ,  the marginal product of 1 bor 
12 
d eclines and th e marginal product of capital increases. Therefore , given 
a constant level of output , the marginal rate of technical ubs t itut ion 
of capita l for labor decreases . 15 This is known as the principle of 
d iminishing marginal rate of t echnical subs titution. Isoq uant s must b e  
concave from above a t  every poi nt in order t o  satis fy this principle.1 6 
1 2 Ibid. 
13Ib id . , P •  1 14 . 
14 Ibid . , P •  1 16. 
1 5Ibid. 
1 6Ibid . , p.  11 7 .  
13 
While the iso quant represents the ent ire range of res ource com-
b inat ions produc in g a given o ut put , produc tion will no t o cc ur at all 
points on the isoquan t .  No r at ional production wou ld t ake place where 
the mar ginal produc t o f  e ither re source is negative . 17 By de f init ion 
ridgelines connec t poin ts o f  zero margin al product ivity . 1 8 Ridgel ine R1 
in Fi gure 2 is the lo ci o f  po in ts o f  zero marginal produc t ivity o f  labor . 
Ridgel ine R2 in Figure 2 is the l oc i  o f  po ints o f  zero marginal produc-
t ivity of capi t a l .  Only those port ions o f  the isoquant s  lying between 
these ridgel ines are relevant t o  production . 1 9  This area is known as 
either the region o f  econom ic produc t ion , the region o f  rat ional 
substitut ion , or the relevant range o f  produc t ion . 20 
Referring to Equat ion 1 it can be seen that when the marginal 
produc t of labor is zero the m arginal rat e  o f  technical subst i t ut ion 
would also be zero . Also from Equation 1 it can be seen that when the 
marginal pro
.
duc t of capi tal is zero t he marginal rate of technical sub-
s t itut ion would be in f init e .  Thus the bounds o f  the region o f  econom ic 
1 7 rbid . , p .  1 19. 
18 John P. Do ll , V .  Ja�es Rhodes , and Jerry G .  West , Economic s o f  
Agr ic ultural Produc t ion , Markets , and Pol i cy ( Homewo o d : Richard D. 
Irwin , Inc . , 196 8 ) , p .  1 10 . 
1 9Ferguso n , op . c it . , p .  1 1 9 . 
2 0To see why ridgelines R1 and R2 f�rm the boundary o f  produc­
t ion , first consider a movement along I1 in Fig ure 2 from poin t A to 
point B .  An inc reas e in t he amo unt of labo r mus t be accompan ied by 
an increase in t he amoun t of c apital i n  order t o  maintain t he s ame o ut­
pu t (remain on t he same iso quant ) .  However ,  the amount o f  labo r could 
be held constan t at OLz and the amount of c apital and o ut put inc reas ed ; 
i . e. ,  mo,1e t o  a h igher iso quant. The re f o r e ,  lab o r  must have a negat ive 
2 6 9 6 3 5  
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product ion have been d ef ined both in t erms o f  marginal products and 
rginal rates o f  technical subst itution . However the exact po int , 
or intensity , of optimum production within this region is s t ill undeter-
mined . Only when the factor-price ratio is known can this point be 
determined , 
The fac tor-price ratio is g raphically represented by an iso-
cos t curve . The ve rt ic al int ercep t of this c urve is the amount of capi­
tal which could b e  purchas ed for a given level o f  expenditure . 21  The 
horizontal intercept is the amount o f  labor which could b e  purchased 
2 2 h f for the same level of  expendit ure. Th e iso-cos t  curve t ere ore 
represents al l pos s ible comb inat ions o f  the two inputs which could be 
purchased for a given out lay o f  funds . The s lope of the iso-cost curve 
represents the facto r-price (w/ r) ratio. 2 3 Cu rves c1 , C 2, C3 , and c4 
in Fi gure 2 are iso-cost curves . 
marginal product along I1 t o the right of A, s ince addit ional capit al is 
required t o  o ffset the d ecreased p roduct o f  ad d i t ional lab or. 
Cons ide r now a movement �lon g  I1 from point D t o  po int E. 
14 
Increas ing the amo unt o f  c ap i t al requi res an of £setting increase in the 
amount of labor in o rder t o  maint ain t he same level of pro d uct ion ( re mai n  
on the same isoquant ) . Main t aining the amo unt o f  cap i t al a t  OKz and 
increas i ng t he amount of lab or woul d all o w  a higher iso quant t o  be 
attained. This woul d mean an increase in output . Th erefore, along 11 
above D ,  capit al must have a negative marg inal produc t . 
A simila r analysis wo ul d  hold for a l l  other isoquant s i n  Figure 
2 . An increase in ei t her fact o r  must be accompanied b y  an offset t ing 
decrease in th e o ther to maint ain the same level o f  out put b etween ridge­
l ines Rl and R2 • Both fac tors must have posit ive marginal product s  
within this area. S e e  Ferguson, op. c i t . , pp. 1 18-11 9 .  
2lueady, op. cit . , p .  1 74 . 
221bid . 
23 1bid . , p .  1 7 5 . 
The po int o f  optimum ( least-cost ) production o f  a given output 
occurs graphically at the po int o f  tangency o f  the iso-cost c urve with 
the isoquant . 24 Production equil ibrium is attained when the argin 1 
rate of technical sub s t itut ion o f  c apital for labor equals the f ctor-
price rat io ( the price o f  labor to the price o f  capital ) . This equal ity 
occurs at the po int of tangency of the iso-cost curve and the isoquant . 
Points P1 , P2 , P3 , and P4 in Fi gure 2 are s uch points o f  tange cy . 
Procedurally this s tudy util ized the p rocess o f  l inear program-
15 
ming t o  es tab lish the opt imum enterprise mix for the farm firm s e f ined 
in the model . Opt imum under l inear progTamming pro cedure means either 
cos t minimizat ion or income maximiz ation . 25  The relevant range of produc-
t ion considered under l inear progratmning is the re gion o f  econo ic 
product ion de fined above . Spec i f ically l inear pro gram solut ions are 
the ent erprise mixes which produce production equil ibrium . 
Linear programming is t he appl icat ion o f  a part icular mat hemat i-
cal procedure , bas ed upon l inear relat ionships and inequal it ies , to 
choic e prob lems . 2 6  The term l inea r is no t as rest rict ive as it sounds . 
It means s imply that the inpu t-output coe f fic ients used are as si.nne d  con-
stant or are assumed t o  b e  represented by a linear rel a t ionship b etween 
(Ame s : 
24Ferguson , op . ci t . , p .  122 . 
25Earl o .  H eady and W il fred Chandler , Linear Programming Met hods 
Iowa S ta t e  Univer s ity Pres s , 1966 ) , p .  2 .  
2 6 Ibid . , p .  5. 
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factor-input and product output . 27  It also assumes that the prices paid 
for the resources and received for products are constant . 2 8  This does 
not mean that linear programming can only be applied to problems involv­
ing l inear relationships in the strictest sense . If  a sufficient 
number of planning oppo rtunit ies are utilized , non-linear relationships 
can be considered . This is accomplished by the method o f  successive 
solutions or success ive approximations . 29 This method divides a "smooth 
curve" relationship into an in finite number of  linear segments and 
determines the opt imum solution for each segment .  The results of  these 
success ive iterations clo sely approximates the optimum solution for 
the "smooth curve" relat ionship . Thus it is not inconsistent to speak 
of l inear program solutions to  a production funct ion containing multiple 
variable resources . 
The key resource considered in the present study was irrigat ion . 
Irrigation was cons idered as a variable resource . Both l inear pro gram­
ming procedures and factor-factor production economics analys is assumed 
a constant level o f  technology . A change in the level o f  irrigation , 
however ,  represents a change in the level o f  technology o f  the product ion 
function . The study at  hand could be said to  have cons idered agri­
cultural production under condit ions of variable technolo gy . This it 
2 7rbid . 
2Brbid . 
29 Ibid . , P • 8 .  
17 
did , in fact , do . Variable technology was , howeve r ,  pp oached through 
the "linear segment " o r  "s ucces sive iterat ion" proced ure 'Nhich allowed 
for the considerat ion o f  the variable relat ionship.  l'hus the appl icat ion 
of factor-factor analys is  o f  t he p roduc t ion function at ucces sive 
increments of technologica l  change would approximate t he overall ef fect s  
o f  the full range of the innovat ion . 
There are many clas sifications o f  technological change . In 
order to examine the ef fects o f  irrigat ion upon the product ion funct ion 
of the f irm it is necessary to determine the exact type o f  technological 
innovat ion it  is . Technological change can be either neu t ral , cap ital­
uaing , or labor-us ing . 3 0  These classif ications are determined by whether 
the marginal rate of techn ical sub s t itut ion for a cons tan t  capital-labor 
ratio respect ively remains unchan ge d ,  dec reases , or increases . 31 
Figure 3 represents the change in the p roduct ion function caused by a 
neutral technological chan ge . The MRTS in each case is represent ed by 
the s lope of the t angen t to  the isoquant . In the same manner Figure 4 
represents a cap it al-us ing t echnological change and Figure 5 represents 
a labor-using technolo gical change . In all three f i gures technological 
progress is represen t ed by a movement of t he isoquant from "A" to "C" .  
Such a shi ft would rep resent the product ion o f  the same level o f  output 
wi th les s  input . Technologic al progress can also be represen ted by an 
30c .  E . Fe rguson , Mic roeconomic Theory (Homewoo d ;  Richard D. 
Irwin , Inc . , 1969 ) , pp . 3 86-387 . 
31 Ibid . , p .  3 86 . 
LABOR INP UT L 
LABOR INPUT L 
.LABOR INPUT 
FIGURE 3 
Neut ral 
Techno log i c al Change 
FIGURE 4 
Cap i tal-Us ing 
Techno log i cal Ch ange 
FIGURE 5 
Lab o r-Us.ing 
Techno log ical Change 
1 8 
increased output f rom a given level o f  input . 3
2 1.'h e  s e  o f  irrigat ion , 
being generally a capit al-intens ive innovation , �ould represent a 
labor-using techno logical change . 
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Technological change can also be  c las s ified s total o utput and 
to tal cos t  increasing , as total output const ant and total cost decreas­
ing , or as total o utput dec reasing and total cost dec reas ing . 33 The 
resul ts of the presen t study ind ic ated that irri gation was a total out­
put and total cos t  inc reas ing innovation . The ef fect s such an innovation 
would have upon the net ret urns to the firm is dependent upon the elas t i­
city o f  demand fo r the products produced . The demand for the product s  
in this study coul d  be  considered to be relatively e l  stic . The s t udy 
dealt with one individual farm firm in the short-run .  It can b e  as sumed 
that the operato r o f  the f i rm  was an innovator and was one o f  the firs t 
in his area to adopt i rrigat ion . Under these cond i t ions the demand for 
the firm' s produc ts could be cons idered to be elastic.  Wit h  this  demand , 
net revenue to the firm would inc rease with irrigat ion only so long as 
the total inc rease in g ro s s  income was greater in ab solute amounts than 
the increase in total costs . 3
4 
In the long-rllll, as all firms in the 
indus try adopt ed i rrigat ion , the demand for thes e p roducts would become 
relatively inelas t ic . Under t hese cond it ions the utilizat ion o f  irr iga­
tion would decreas e the net returns to the firm . 35 
3 2Heady ,  "Economics o f  Agric ultural Produc t ion , "  p .  804 . 
3 3  Ibid . , p .  821 . 
34tb id . 
35Ibid . 
Figure 6 can be used to  examine the effects o f  labor-using 
echnological change on the production function of the firm. The 
change is represanted by a downw rd shift in the production isoquant 
from I1 to I2 . With a labor-u ing technological change he marginal 
product of labor increases ore than the marginal product o f  capitai . 3 6  
This gives the operator an incentive t o  use more labor relative to 
capital.  Thus , given a con tant capital-labor. ratio , the marginal 
rate of technical substitution will increase with the technological 
change . This means that th isoquant will not only shift  downward but 
will also tilt in a c lockuise manner as in Figure S .  
Th boundaries o f  the region o f  economic production remain 
20 
but shif t from "A-B" to "F-G" . The point o f  least-cost production shifts 
from P1 to P2 • These two po ints are the points of  tangency o f  the i o­
cost curves c1 and C2 with isoquants Ii and !2 respectively.  The iao­
cost  curves are parallel assuming a constant resource-prlc ratio . With 
the ddition of  the innovation least-cost production now takes place 
with a decrease in capital input (K1 - K2 ) and a decrease  in labor input 
( L1 - L2 ) • Should the resource-price ratio change with the techno­
logical change , however ,  tbe location o f  the least-cost point o f  
production within the region o f  economic production would shift . 
If the wage rate increased and the price o f  cap ital decreased 
the iso-cost r.urve would become c3 • The point of  least-cost product ion 
'WOuld become P3 • This point of  production requires l ess  labor but mo re 
capital than does production at  point P2 even though the level o f  output 
3 6Ferguson , "Microeconomic Theory , " p .  386 .  
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remains unchanged . If the price of capital increased and the wage rate 
decreased the iso-cost curve would become c4 • The point o f  least-cos t 
product ion would become P4 • Production · at this point requires less 
capital but more labor than does produ ction at point P2 even though the 
level of output remains unchanged . The exact location of  the point of 
least-cost  production wit hin the region of economic production becomes 
quite important when the capit al and labo r intensities o f  the various 
irrigation sys tems is considered . Depending on the ratio of  capit al to 
labor required by a particular system a shifting of  the po nt of least­
cos t  product ion could al ter the intensity of irrigat ion . 
I f  the point of leas t-cost production shif ted from Pz to P3 
an increased amount of  capital would be combined with a decreased amount 
of  labor .  I f  the irrigation sys tem in quest ion were c pital-intens ive 
it might now be more intens ively utilized . If  the system in quest ion 
were labor-intensive it might now be less intensively utilized . The 
exact reverse of this analysis would oc cur for a shift  of the least-cost 
point of production from P2 to P4 .  Whether or not the intens ity of  
irrigation would change in any o f  these cases would be determined by  the 
exact capital-labor ratio required of the system.  
Th e  analysis in  the above paragraph utilized points o f  least­
cost  production . This assumes that points P3 and P4 w ere determined 
by a shi ft in the iso-cost curve , C2 • Production could t ake place at 
these points without a shift  in the iso-cost curve . In these cases , 
production costs  would not be reduced to the m!nimum and net returns 
to the firm would not be maximiz ed. The possible changes in the 
22 
inten si ties o f  irrigat ion could oc cu r  j ust  the same as in the p receding 
para graph . The only d i f ference would be that P3 and P4 would no longer 
23 
be point s of  leas t -cost production .  It is pos sible then that least-cost 
product ion could occu r a t  a l evel of irrigat ion below the max imum level 
of  irrigat ion pos s ible within the region o f  economic produc t ion .  In 
such a case , the maximum pos sible l evel of  irrigat ion woul d return less 
than maximum net ret urns t o  the firm. Net returns to  the f i rm  could be 
increased by dec reas ing t he level o f  i rrigat ion . 
As can b e  seen from the ab ove analys is not all technological 
change will represent e conomic p ro gress . No mat ter how the product ion 
func t ion is altered by t echnological change the region o f  e conomic produc-
tion will st ill be b ounded by the po ints o f  zero marginal produc t ivity 
of  the resources . The economi c advant ages o f  the technological change 
will also be de termined by t he marginal rate of technical s ub s t it ut ion 
of capital fo r labor and the reso urce-price rat io .  This is so becaus e  
i t  is  the equality of thes e two values that de t e rm ine the p o in t  o f  opt i­
mum ( leas t-c os t )  product ion . 37 Finally it  sho uld be emphas ized that 
techno logy bene f i t s  the good manage r .  Many techno lo gical changes that 
appear simple are actually quite  complex in terms of  their cap i t al and 
management re qui rement s . Management remains the s ingle mos t  impo rtan t  
re source in agric ul ture and t echno logical change i s  in creas ing it s 
impor tance . 38 
37 d i 9 2  Hea y ,  op . c t . ,  p .  • 
38noll , "Economi cs o f  Agricult ural Prod uct ion , "  p .  2 3 6 . 
Def ini tion o f  Te rms 
Ac t ivity : Produc t ion process producing a s ingle produc t . 39 
Economic Unit : An aggreg a t ion o f  resources fo r which economic 
return is re lat ed o r  computed . 4 0 
Ente rprise : One o r  mo re ac t ivi t ies , general ly cons idered a 
broader t e rm  than ac t ivity . 4 1 
Fac tor : Any a gent used in t he p roduct ion pro ces s . 42 
Pima : An economic unit p roducin g  a product for sale . 4 3  
Input-Output Rel at ions hi p : S ee Product ion Func t ion . 
Law o f  D im in is h ing Ret urns : I f  the quant ity o f  one prod uc t ive 
se rvice is incre as ed by equal inc rement s  with the quant i t ies of o t he r  
sourc e  servic es held c on s t an t . t he increments to tot al p rod uc t  may 
increase init ially bu t wi l l  d ecrease a ft e r  a "certain po int " . 4 4  
Law o f  Va riab le Pr opo r t ions : Sec Law o f  Dimin ish! g Re t urn s . 
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Mar ginal Product : Quant ity which each individual un it o f  f a ct o r  
inpu t dd s t o  the t o t al p ro du ct ; t he ratio o f  change i n  to t al  p ro d uc t  t o  
change in to t al factor inp u t  ( 6Y /6X) . 4 5  
39Heady , " Linear Programmin g Me t ho ds , "  p .  11 . 
4 0ueady , "Ec onomic s o f  Agricul tural Product ion , "  p .  2 7 . 
41Heady , "Linear 'P ro grammin g Method s , "  p .  1 1 .  
42Heady , "Economics o f  Agr i cultur al Prod uct ion , "  p .  2 2 . 
4 3Edwin Mans f i el d , Microeconomics : TI1eory and Appl ic at ion 
(New Yo rk : w. W. No rton 1nd Company , 1 9 7 0) , p .  1 1 4 . 
44 Beady , op . c it . , p .  4 3 . 
45 1bid . , p p .  4 1 ,  4 7 .  
Marg inal Productivity : See Marginal Product . 
Model : A set o f  assumpt ions f rom which a conclus ion o r  s e t  
of conclus ions i s  lo gically ded uced . 4 6 As the mode l u s e d  i n  this s t udy 
wa designed to represent the f arm firm ,  the terms ''model" and " fi rm" 
were us ed interchangeably � 
Product ion : Trans fo rmation o f  a resource or resources into a 
product o r  produc ts . 4 7  
Product ion Funct ion : Rel at ionship be tween the input o f  f cto r 
services and the output o f  product subj ect to a given technique and 
production pe riod . 48  
Production Perio d :  Time required fo r a resource to b e  com­
pletely t ransformed into a pro duct . 4 9  
Product ion Process : S e e  Product ion . 
Resource : S ee Fac to r.  
Trans format ion Perio d : See Product ion Period . 
4 6Kalman J .  Cohen and Richa rd M .  Cyert , Theory o f  The Firm : 
Resource Alloc at ion in a Marke t Economy ( Englewood Cl i f fs : P rent i ce­
Hall , Inc . , 1 96 5 ) , p .  1 8 . 
47Heady , op . cit . , P •  2 3 . 
48Ibid . , PP • 2 9 ,  3 3 . 
49 Ibid . t p . 23 .  
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Chapte r  3 
ASSUMPTIONS OF THE MODEL 
Introduc t ion 
The cons t ru c t ion of any mo del r equi res many as sump t ions ab out 
the re al-world s i t uat ion i t  is t o  rep res en t . The assumpt ions of the 
present model fall un de r t wo head ings . Resource res t ri c t ions are the 
assumpt ion · made as to the avai l ab il ity o r  non-availability of facto r 
inputs for the f i rm ' s pro duct ion p rocesses . En t erprise al t ernat ives are 
the assumpt ions as to what prod uc ts and p roduc t ion p ro ce s s es are ava i l -
able to the firm . The as sumpt ion s upon which the model f o r  t he pres ent 
s tudy was based are pre s en t ed in this chapte r .  
Resource Res t ri c t ions 
The ini t ial l evel s  of t he reso urce res t ric t ions us ed in the 
model are g iven in Tabl e  I .  Row 74 ind icates that the firm was l imit ed 
to a maximum o f  960 a cres under i rrig at ion . Rows 7 1 , 7 2 , and 7 3  ind ic at e  
the maximum techn i c al ac reage l imit s wit hiu t h is 960 acres f o r  each 
particular irrigat ion sy� t em  cons ide red . 
Land . The rep re s en tat ive f ann in t he Eas t e rn  Mis souri Slope 
Area of So uth Dako t a was as s ume d t o cons ist of 1 , 6 00 ac res of land . 
This s ize was cons is t e n t  wi th in fo nnat ion obtained f rom the S o ut h  
D ako t a  Crop and Lives t oc k  S e rvic e . The re l a t ive amount s  o f  nat ive 
pas ture , c ropland , and l and c lasses must be as sumed t o  app roach 
the real .'li t ua t ion in o rder t o  achieve resul t s  use f ul in compa rin g  
the pre s ent d r1la.nd o p e r a t ions t o  t he pot en t ia l s  under b o th d ryl an d  
and ir r igat iou fa rm ing . The ass umed compo s i t ion of t he t o t al ac re­
age and the percen t age c ompo s i t ion o f  an ac re o f  agricu l t ural land 
is given in Tab l e  I I . 
· 
C ropland �as divi de d in t o  tvo c l as s es . Tile d ivis ion was bas e d  
upon po t en t ial y i e l d  c apab il i t ies , managemen t prac t ices , and d i f fe r­
ent prob l ems t ha t  a ro s e  when t he l and was used for c ro pp in g  purpo se 3 .  
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Tab le I .  Resource Res t r ic t ions U s ed in the Ini t ial Tab l eau for Farm 
and Ranch S i tu a t ions 
Row I t ctt 
01 Period one l abor 
02 Period two labo r 
03 Period three l ab o r  
04 Period four l ab o r  
05 Period five lab o r  
06 Period s ix labo r 
07 Pe riod seven l ab o r  
08 Period e i ght labo r 
09 Period n ine la bo r 
1 0  Period ten lab o r  
11 Total operator ' s  labo r avail ab le 
12 To tal h i re d  l ab o r  
13 To tal h i red l ab o r  availab l e  
14 Annu a l  opera t ing c ap i t al 
15 Per iod two ope rat ing c ap i t al 
16 Lives to c k  faci l i t ies c apit al 
17 Live s tock animal capi t al 
18 Crop mach ine ry c ap i t al 
19 Irrigat ion o p e rat in g capi t a l 
20 I rr igat ion sys t em c ap i t a l  
21 Dryland co rn to harve s t  
22 Irrigat ion co rn t o  ha rves t 
23 Corn equivalen t 
24 Corn s ilage 
25 Dryland hay to harve s t  
26 Hay equ ivalent 
2 7  I rrigat ion hay t o  ha rves t 
2 8  Cla s s  I c ropland 
2 9 Cla s s  I I  c ropland 
30 Flax l imi t 
31 Corn sell l imi t 
3 2  Graz ing pe rio d one 
33 Graz ing period two 
34 Grazing period three 
35 Nat ive pas t ure limi t 
36 Impr oved pas t ure l im i t  
37 I rriga t ion imp ro ved pas t ure l imit 
38 Corn fee d  rest r i c t iv n  
3 9 Wheat g row limit 
40 Wheat sell l imit 
Unit 
Man-ho ur 
Man-hou r  
Man-hour 
Man-ho ur 
Man-ho ur 
Man-hour 
Man-hour 
Man-hou r  
Man-hour 
Man-ho ur 
Man-ho ur 
Man-ho ur 
Man-hou r 
Hund red d ol l a rs 
Hundre d  doll ars 
Hundred d ol l ars 
Hundred doll ars 
Hundred d o ll ars 
Hundred doll ars 
Hund red dolla rs 
Bushe l s  
Bushe l s  
Bushels 
CWT 
CWT 
CWT 
CWT 
Acre 
Acre 
Ac re 
Bushel 
T . H . E .  
T . H . E .  
T . H . E .  
Ac re 
Acre 
Ac re 
Bushel 
Ac re 
Bushe l 
Ini t ial 
Level 
450 
483 
353 
344 
218 
217 
2 1 7  
218 
4 35 
541 
3 , 4 7 6  
0 
Fr* 
Fr 
Fr 
Fr 
Fr 
Fr 
Fr 
Fr 
0 
0 
0 
0 
0 
0 
0 
718 
3 82 
2 75 
0 
0 
0 
0 
4 6 0  
3 2 0  
3 2 0 
0 
350 
0 
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Table I .  (con t inue d )  
Bow Item 
41 Barley grow l imit 
42 Barley sell l imi t 
43 Oats grow l imit 
44 Oats sell l imi t 
45 Calf trans fe r 
46 Period one year ling t rans fer 
47 Period two ye arl ing trans fer 
48 Gross live s tock income 
49 Purchase s t ockers and feeders 
50 Livestock expens es 
51 Lives tock ins urance and t axes 
52 Gross d ryland c rops income 
53 Dryland fe rt il izer 
54 Dryland ope rat ing expenses 
55 Machinery ins urance and t axes 
56 Crop insurance 
57 I rrigat ion ins uran ce and t axes 
58 Crop machine ry d ep reciat ion 
59 Livestock facil i ty deprec iat ion 
60 Annual ope rat ing capit al int e rest 
61 Period two ope rat ing cap i t a l  intere s t  
62  Livestock facil ity capi t a l  in teres t 
63 Livesto.ck animal c p i t a! int eres t 
64 Crop machinery capi t a l  interes t 
65 Gross irriga ted c rops in come 
66 Irrigat ion fe rt il iz er 
67 Irrigation ope rat in g expenses 
68 Irrigat ion sys t em d ep rec iat ion 
69 I rrigat ion ope rat ing i nt e rest  
70 Irri ga tion sys t em in te rest  
71 Tow l ine irrigat ion l imit 
72 Center pivot i rri ga t ion l imit 
73 Wheel move i rrigat ion l imit 
74 Irrigat ion acreage l imit 
Unit 
Ac re 
Bushel 
Acre 
Bushel 
Head 
Head 
Head 
Dollars 
Doll ars 
Do llars 
Dollars 
Dol lars 
Dollars 
Doll ars 
Dol l ars 
Dol lars 
Dollars 
Dollars 
Do llars 
Doll ars 
Dollars 
Dollars 
Dollars 
Dollars 
Dollars 
Do llars 
Dollars 
Dollars 
Dollars 
Dollars 
Ac re 
Ac re 
Ac re 
Acre 
Init ial 
Level 
250 
0 
275 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
912  
828 
9 2 4  
9 6 0  
* F r  indicates a free bo und o r  res t r ic t ion , the l inear p rogramming 
process can u t i l i z e  whatever amoun t of these resou rces is necess ary 
to produce the opt im\.Ull s o lution fo r the mode� . 
Source : Myron w .  Wol f f ,  "An Economic Analysis  o f  Selec t e d  I rrigat ion 
Sys tems App l icab l e  to The Eas tern Missouri S lope Are a  o f  
South Dako t a "  ( un pub l ishe d Mas te r ' s thes is , So uth Dako t a  S tate 
Unive rs ity , 1 9 70) , pp . 19-2 1 . 
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Table I I . As sumed Compos it ion o f  To t al Ac reage and t he Pe r centage 
Compo s i t ion of an Ac re o f  Fa nu Land 
Item Pe rcent cres 
Class I c ropl and 44 . 87% 718 
Class I I  cropl an d  2 3 . 88% 382 
Total c ropland 68 . 75 % 1 , 100 
Pasture 28. 75% 460 
Othe r : Farms t ea d , ro ad s , trees , 
fences , and wa s t el an d  2 . 50% 40 
Total land 100 . 00% 1 , 600 
Cont inuo us grain-c rop sequen ces and an o a t s -al fal fa-a l f al fa-al f al fa 
rot a t ion act ivi t y  were al lowe d on b o t h  l and c l as s es . 
Graz ing was l imit ed t o  4 60 acres o f  nat ive p a s t u re . However ,  
the model inc l uded a pas t u re imp rovement o p t ion . A maximum o f 3 2 0  
acres could b e  imp rove d . I n  t he i rrigat ion plann ing models t he 
improved pasture co uld b e  i r rigat ed . 
Pas t ure and graz ing produc t ion was expres sed in t ons o f  hay 
equivalen t. Th e  pro duc t ion f rom an ac re o f  n at ive pas tu re was 
assumed to equal 0 . 7 5 t ons o f  hay e q u ival en t . The d ryland improved 
and irrigat ion imp roved p as t u re p rod uc t ion were as sume d to be 1 . 5 5 
and 3 . 8 0 tons o f  hay e qu ivalent res pe c t ively . The pl ann ing mo de l s  
assumed t h ree g raz ing pe riods wh ich we re as fol lows : 
Period One : May 1 0  t o  June 3 0 ;  
Period Two : Ju ly 1 t o  Augus t  1 5 ; and 
Perio d  Three : Aug us t  1 6  to Sept ember 3 0 . 
The seasonal pat tern o f  p as t u re p roduc t ion resu l t ed in the h i ghest 
prod uc t ion in the f i rs t  g r az in g  per iod and then d iminished in t he 
lat t e r  two periods. Tons o f  hay equ ivalent o f  a f terma t h graz in g 
were ob t a ined f rom small grain s t ubb le in p e riod two and f rom co rn 
in pe riod three. SO 
Labo r. The representative f arm assumed in this s t udy was a 
faniily far� wi t h  operator and f amily l abor avail ab le f o r  f a rm  u se . 
The operator l ab o r  available for use in t he plann ing models was 
3 , 224 man-ho urs pe r year. Tot al man-ho urs of labor in cl ud ing tha t 
50wol ff , op . c it . , p p .  1 0-12 . 
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availab le f rom the family was 4 , 3 76 man-hours per year . The re were 
3 ,476  man-hours o f  labor availab le for l ives t o ck and c rop en ter­
prises after 9 0 0  man-hours o f  overhead labor were deduc t ed . The 
farm operator was as sume d  to have a high level o f  man age rial ab il ity 
with the capac i t y  of inaugurat ing any farm plan s pec i f ie d  by t he 
linear programmin g p roces s . The t o tal annual s up pl y  o f  l abor was 
allocated amon g ten labor pe riods . These periods we re in tended to 
be repres en t at ive o f  the d i f ferent s ea sonal rush perio ds of farm 
and ranch wo rk in the Eas t e rn  Missouri Slope Area of So uth Dakot a . 5 1  
The t o t al man-hours o f  labo r available i n  ea ch pe riod f rom the 
opera tor and from his family as well as the to tal ove rhead lab or re quire-
ment in each period are p resen ted in Table I I I .  Al s o  presen ted in Table 
I I I  are the t o t al man-hours of  labor available in each pe riod fo r farm 
enterprises . Man-hours o f  t o tal l abor available per month are shown in 
Table VII o f  Appendi x  E .  The average d ates for c ropping ope rat ions in 
the s tudy area are g iven in Tab l e  I of Appendix E.  Tab l e  V o f  Appendix 
E gives the labo r requi rement s  for c rop and l ivest ock ac t ivit ies by 
period . 
The firs t maj or revis ion o f  the assumpt ions made in Wol f f ' s  
study was to change the availab i l ity o f  the add it ional h i red labor 
required by the represen t at ive f a rm  f irm .  The previous s t udy assumed 
that once the opera t o r  and f amily labor was exhaus ted the t o t al amount 
of addi t ional l ab or requi red by the f irm in each perio d  would b e  avail­
ab le at the rat e o f  $ 2 . 00 p e r  hou r. 5 2 Labo r  rest r ic t i on s , when used in 
the present s t udy ,  were appl ied to the hired lab or for e ach period also . 
The procedure us ed t o  ar rive at thes e res t rict ions i s  out l ined in 
511b 1d . , p .  1 2 .  
52 Ibid . 
Table II I �  Hours o f  Labor Available Per Labor Period 
Period Dates1 Operator Family Total Minus 
Hours 2 Hours3 Hou rs4 Overhead 
Hours S 
1 November 16-
January 31 480 132 612 1 62 
2 February 1-
March 31 480 120 600 11 7 
3 April 1-
April 3 0  338 78 4 1 6  63 
4 May 1-
May 31 338 78  416 7 2  
5 June 1-
June 15 163 100 - 263 4 5  
6 June 16-
June 30 162 100 262 4 5  
7 July 1-
Juiy 15 162 100 262 45 
8 July 16-
July 31 163 100 263 45 
Hours H i red 
for Man ' s 
Enterprise6 Hours 
4 5 0 4 80 
4 8 3 4 8 0  
3 5 3  3 38 
344 3 38 
218 16 3 
217 162 
217 162 
218 163 
Plus 
Hired 
Hours 
25 4 
156 
5 4  
56  
36  
36  
36  
38  
Total Hired 
Hours 
Available 
7 ?,4 
l36 
392 
3 94 
199  
198 
198 
201 
w 
..... 
Table III .  (continued ) 
Period Dates1 Operator Famil� Total Minus Hours Hired Plus Total Hired 
Hours 2 Hours Hours4 Overhead for Man ' s  Hired Hours 
Hours5 Enterprise6 Hours Hours Available 
9 August 1-
August 31 325 200 525 90 435 325 15  400 
10 September 1-
November 15 613 144 1 5 7  216 541 613 155 7 68 
-
Total available labor 3 ,2 24 1 , 152 4 , 376 900 3 ,4 76  3 , 2 24 896 4 , 120  
1Myron w. Wolf f ,  "An Economic Analysis o f  Selected Irrigat ion Sy�tems Applicable to  Tile 
Eastern Missouri Slope Area o f  South Dakota" (unpublished Master ' s  thesis , South Dakota State 
University , 1970) , p. 13 .  
2Ibid . 
3 ibid .  
4 Ibid . 
5Ib id . 
6Ibid . 
w 
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Appendix A .  The internal labor force available to the representat ive 
farm firm was now assumed to  cons is t of  the operator , his family , and 
one full-t ime hired man . Labor requ i rement s  that could  not be met from 
the above labor fo rce were assumed t o  be available , within the r st ric-
tions set in Appendix A, from the su rrounding geographical area but 
within the bounds o f  the study a rea . The $2 . 00 per man-hour charge was 
maintained for all hired labor including the hired man ' s  labor . Th e  
restrictions on the amount of  labor available in each labor period from 
both the hired man and from the su rrounding area are given in T bl I I I . 
Throughout this study l abor res t ri c t ions re fer to the labor vail ble 
in � individual labor pe rio d as well as to the total amount o f  labor 
for the year . This is ext remely imp o r t an t  as will be seen later in t he 
s tudy . 
Capital . The capital req ui remen t s  of  t he d ryland p l anning 
models we re b roken d own in t o  f ive m aj o r  t ype s whi ch are as fol lows : 
annual operat ing capital , pe riod two operating capital , live tock 
facility c ap i t al , l ives t o ck an imal capital , and crop mach ine ry  
capital . The i rrigat ion mod e l s  added two a dd i t ional capit al type s . 
These we re i rrigat ion sys t em c ap i t al and i rrigat ion o pe rat in g 
capit a l . Annual ope rat in g c a p i t al was assumed t o  be used f o r  the 
entire year and was cha rged an e ight pe rcent rate o f  interes t .  
Period two ope rating c ap i t a l  was assumed to be b o r rowed for a t ime 
period o f  l e s s  t han one year .  The annual rate of  in t e re s t  on t h is 
capital was eight p ercent but s in ce repayment was as s ume d t o  b e  
made wi thin t h e  ye ar t h e  e f f ec t ive in t e rest rat e  was a s sumed t o  be 
four percent . A s ix  and one ha l f  pe rcen t  in t eres t r a t e  was charged 
on the average inves tment in l ives t o c k  f ac i l i t ies . An e i ght percent 
interest rate was charged on t he average inves tmen t in l ives t o ck 
animals , crop ma ch inery , i r rigat ion sys t ems , an d i rr i g at ion o pe ra­
t ion . The s e  rat es approx imat ed the c urren t market ra tes of in t erest 
charged in the s tudy area . 5 3  
53 Ibid . , p .  14 . 
3 3 
A large po rt ion o f  the to tal cap ital was in the fo rm o f  land . 
The as sumed price o f  fa rm land was $4 0 . 0 0  per acre for nat ive pasture , 
$15 0 . oo54 pe r acre for d ryland c ropland , and $185 . 005 5  �er acre for 
irrigable land . An int erest rate o f  seven pe rcen t was charged against  
this investment . 5 6 
Under the as sumpt ions used in Wolf f ' s  study the amoun t o f  capi­
tal available to the fi rm was unl imit ed so long as the re t urn on its  
use was greater than the ma rket rate of  interes t .  '!bus , capital could 
be borrowed as long as the ret urns to  the firm were no t 1 s s  than the 
interest rat e  cha rged . For the purpose o f  the present s t udy , however ,  
an addit ional res t ric tion was placed on the availab ility o f  cap ital . 
This re strict ion �epresented a maximum amount o f  cap ital available to  
the firm regardless o f  the int eres t rates charged or the rates o f  return 
on i ts use . There fore , this ab so lute res t riction on capital in t ro duced 
a dual set of  res t rict. ions on the availab il ity o f  c ap it al . One was that 
the ra te of ret urn on the u se of capit al had to remain e qual to o r 
greater than the interes t rate cha rged fo r the cap ital . The o ther was 
an abso lute maximum amount pl aced on the total amount of capit al avail­
able to the firm regardless of interest rates or rat es o f  ret urn .  The 
res tric t ion o f  the as sumpt ion o f  unlimited cap ital did necess it ate t he 
use of an ent i re new l ine o f  reasoning in establ ishing the leve l o f  
capital res tric t ions . 
54 Ib id . 
55Ibid . 
56 Ib id . , p .  15 .  
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This requi red two new assumpt ions . An init ial assumpt ion was 
made as to the percen t a ge of the total value o f  the firm which the f rm 
operator owned f ree and c lear �  Th is percentage mi ght be called an quity 
figure or the percen t a ge of owne rship of cap i t al invested in the firm. 
The second assump t ion d ealt with the lending pol icies of the lending 
insti tut ions the operat o r  might use to obt ain cap ital . The re f o re , for 
each of the five types o f  capi tal speci fied for the dryland model an 
assumpt ior. was made as t o  the percentage o f  the amo unt o f  e ach cap it al 
type which the operator co ul d  borrow. Th is percent a ge was appl ied to 
the ope rator ' s  equity in each typ e  o f  capital , no t to the t ot al amount 
of each type . Keeping in mind the  complex it ies o f  bor rowing large s ums 
. 
of money in an agricult ural set t ing , rest rict ing the total amo unt o t  
capital available t o  the f a rm  firm was cons idered a step in improving 
the usefulness of  the res ul ts o f  this study . A detail ed analys is o f  
these capi tal as sumpt ions and the procedures used to arrive a t  the 
speci fic res tric t ions app l ied t o  the model are presented in Append ix B .  
Buil dings , Mach inery, and Equipment . The ave rage building 
inves tment required fo r l ives tock enterpr ises was allocated dire c t ly 
to each en terpris e .  Fa cil it i es fo r grain s t orage were as sumed t o  b e  
included i n  the val ue o f  t h e  lan d .  Ave rage investment and o perat ing 
cos t s  fo r crop machinery were a s sumed to  b e  current cos t s  when tbe 
· machinery was fully u ti l ized at a high level on the farm in the 
s tu dy area . 
The assumed inves tmen t and operatin g cost requiremen ts for the 
crop machinery were developed f rom " Det ermining Least-Co s t  Machine ry 
Comb inat ions " . 5 7  The fixed costs  included deprec iation , int e res t ,  
taxes , a�d insu rance . The variable costs or operat in g  cos t s  inc l uded 
fuel , repairs , and lubric at ion . The depreciation was cal c ul ated on 
57nouglas H. Eidsvig and Carl E .  Olson , "Determining Leas t -Cost 
Machinery Comb inations , "  Bu llet in 4 79 , Agricult ural Expe riment S t at ion 
(No rth Dako ta S tate Univers ity , 1 96 9 ) . 
the e s t imated u s e ful l i f e  o f  t he ma ch ines . Machin e ry and equipment 
cos ts which cou l d  no t be al lo cated to a part icular ac t ivity o r  on a 
per acre bas is were inc lude d in the overhe ad co s t s . Cos t s  for pick­
ups , t rucks , and wagons would be exampl es here . 
The farms i the area under cons ide rat ion are curre ntly ut il · z ­
ing six and s even-plow equipmen t .  The use o f  ix-p l ow equipment was 
assum d in t h i s  s t udy . The as sumed f ixed cos t s  for s ix-plow ma ch in­
ery on a 1 , 600 ac re fa rm in the s t udy are shown in Tab le IV . The 
variab le co s t s  are g iven in Tab l e  V .  
I t  would b e  unl ikely that all c rop machinery on the repre sen ta­
tive farm woul d be new . The re fo re , i t  was as sume d that the ave r age 
c rop machinery investment wo ul d  be c al culated at 55 p e r cent o f  the 
new cos t o f  the machine ry in us e .  
Live s t ock equipment co s t s  were alloc a t ed on a us e b as i s  t o  the 
individual l ive s t o ck en t e rpr is e .  Inves tmen t  and co s t s  of spec i al 
feeding equipmen t we re cha rged d i rec t ly t o  t he enterprise requi ring 
the equipmen t . S B 
Ove rhead Cos ts . The a l lo ca tion o f  certain cos t s  to spec i f ic 
enterprises or a c t iv i t ies was imposs ibl e .  These inc l uded s uch i tems 
as the farm p ic kup t ruck , f uel s t o rage t ank , wa gons , t oo l s , tele­
phone expenses , farm re co rds , and t ax  se rvices . The s e  non-al located 
overhead cos t s  are s hown in Tabl e I I  of Append i x  E. Th e re we re als o  
cos t s  such a s  depre c iat ion and main tenance o f  f ences , t axes and 
insurance on land , and in t e res t on l and that could no t be allocated 
to any spec i fi c  en t erpri s e . These charges on a pe r ac re b as is 3re 
given in Table I I I  o f  App end i x  E. These co s ts were d e d uc t ed a f t er 
the opt imum prog ram had b een ob t ained . 5 9  
Enterpr is e Al t e rnat ive s  
Crop and l ives t o c k  prod uc t ion po s s ib il i t ies incl uded in the 
l inear prog ramming model s for t h is s t udy are shown in Tab l e  VI . 
The crop and l ives t o ck ac t ivi t ies inc l ud ed in the planning mode l s  
were cons is t ent w i t h  t ho s e  found o n  farms in the East ern Mis souri 
Slope Area of South Dako t a .  In this s t udy , the terms enterprise , 
ac t ivity , and p roduc t i on process were u se d  interchan ge ab ly as only 
one ac t ivi ty or process was con side red for each ent e rp ri s e . 6 0 
Crop Ac t iv i t i e s . Two yiel d level s were u se d  for e a ch o f  the 
cro p ac t iv i t ies b ec ause o f  the two l and c l as ses . Dryland y ields 
were es t imat e d  f rom a l inear reg ress ion of a 2 0  ye ar p ro d uc t ion 
history from each coun ty in the s t udy are a .  A t t e s t  was u s e d  to 
determine the s i gn i f ic ance o f  t he resul ts . The
-
proj ec ted y ie l ds 
SS
ibid . , pp . 1 5 -1 6. 
59
Ibid . , p .  1 6. 
60
rbid . , p .  2 2 .  
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Table IV ,  Fixed Costa for Six-Plow Ma chinery on a 1600 Acre Farm 
-
S n lv<t r,e Ave rn gc Annc;il  
Cos t  \'� l ue Invc s t:ne nt Depre c i. 'l t i on Intere s t  Insurance 
Tra c t o r  s 7 , 7 4 0 . 00 $ 7 7 4 . 00 $4 , 2 5 7 . 00 $ 6 9 6 . 60 $ 3 4 0 . 56 $ 1 7 . 80 
F lo.., 6 - 1 6 " 1 , 485 . 00 1 4 8 .  50 8 1 6 . 75 8 3 . 5 3  6 5 . 34 J . 4 2 
C u l t i va t o r  18 l / 2 ' l , 305 . 00 1 30 . 50 7 1 7 .  75 6 5 . 2 5 5 7 . 4 2 3 . 0 0 
E.:n:ro·�· 3 5 ' 6 2 5 . 00 6 2 . 5 0  3 4 3 . 75 2 8 . 1 3  2 7 . 50 1 . 4 4  
I; i. s '.-< 1 6 ' l ,  7 1 0 . 00 1 7 1 . 0 0  9 40 . 50 96 . 1 9 7 5 . 24 3 . 9 3 
C h i s e l  ? l ov 16 ' 1 , 030 . C O 1 0 8 . 00 5 9 4 . 00 69 . 4  3 4 7 .  5 2  2 . 4 8  
D :: i l l  l ':i ' 1 , 89 0 . GO 1 8 ) . 0 0  l , 0 39 . 5 0 9 4 . 50 8 3 . 1 6 4 .  35 
fr,.lat�e r l!S ' 3 , 0'J0 . 00 3t.;0 . 00 l , 6 j 0 . 00 2 7() . <V')  1 3 2 .  00 (1 . 90 
Co rn P l a� ter 12-R.ow 4 , 2 1 .'2 . GO 4 2 1 . 20 2 , 3 1 6 . 60 2 5 2 . 7 2 l R .3 . 32 9 . 6 9  
C � Ln Cu l t ivato r 1 2-Rov 2 , 0 34 . 00 2 0 3 . 4 0 l . 1 1 8 .  70 114 . 4 1 69 . 5 0 4 . 6 8 
C..o i'.:= ine 1 2 , 5 0 0 . 00 1 , 2 5 0 . 00 6 , 8 7 5 . 0 0 l , 1 2 5 . 00 s s a . oo 2 8 . 7 5  
Co-::-:-� He a r!  2 -R.cw 2 , 0 0 0 . 00 :?00 . 00 1 .  rn o . oo l S0 . 00 8 8 . 00 4 . 6 0 
Truck 6 , 000 . 00 600 . 00 3 , 30 0 . 00 5 4 0 . 00 2 6 4 . 00 1 ) . 80 
P i ckup 3 , 2 00 . 00 3 2 0 . 00 1 , 7 6 0 . 00 5 7 6 . 0 0 1 4 0 . 80 7 . 36 
Mc·..-er 6 0 0 . 00 60 . 00 3 JO . OO 3 6 . 00 2 6 . 40 1 .  3 3  
f'.:1ke 6 JJ . 00 6 J . 00 3 � 6 . 50 3 7 . z:� 2 7 .  72 1 1 . 4 5  
B:J lt! r 1 , 89 0 . 00 1 89 . GO 1 , 0 : 9 . 50 1 7 0 . 1 0 8 3 . 16 4 . 3 5 
s., rnyeT 3 , 000 . 00 JOO . CO 1 , 6 50 . 00 3 3 7 . 5 0  1 32 . 0 0 6 . 91) 
Co rn tic ad 4-Rov 4 , 000 . tJO 400 . 00 2 , 2 ::1 0 . 0(l 3 6 0 . 00 1 76 . 00 9 . 2 0  
Co m Choppe?." 2 -?.ov 3 , 50 0 . 00 3 5 0 . 00 i .  n s . oo 3 1 5 . !1 :)  1 5 4 . 00 B . 0 5 
Co rn C!1o? p e r  3-Rov 4 , 40 0 . 00 4 4 0 . 00 2 , 4 2 0 . 00 :l 9 6 .  no 1 9 3 . 60 10 . 1 2  
F o rase ;\:Jgon 2 , 2 00 . 00 2 2 0 . 00 1 , 2 10 . 00 l % .  00 9 6 . 80 5 . 06 
l!�y l i ne r  3 , 00 ()  J )() Jon . oo 1 , 6 50 . 00 1 00 . 00 1 3 2 . 00 6 . 90 
S t a :.k e r  1 , 000 . 00 1 00 . 0 C 5 50 . 00 6 0 . 00 4 4 . 00 2 . 30 
'I ::- a c t o :r  4 -Plcw 6 , 4 8 0 . 00 6 ·� 8 . 00 3 , 56 4 . CO 5 8 3 . 2 0 2 8 5 . 1 2 14 . 90 
-
S ource : Myron W .  �olff , "An Econoni c Analysis of S elected Irrigation Sys t ems Appli cab l e  to th e Eas tern 
Mi is curi Slope Area of S ou th Dako t a" ( unpub lished Mas t e r ' s thes is , So•Jth Dakot a  StatE: 
Un tvers ity , 1970) , p.  1 7 .  
Expe c t ed  
Taxe s Li f e  (Yea r s )  
$ 1 34 . 6 8 1 0  
2 5 . �4 1 6  
2 1 .  7 1  1 8  
1 0 . 38 2 0  
2 9 . 7 5  1 6  
i z . 1 9 1 4  
3 2 . 81 1 8  
5 2 . 2 0 1 0  
7 3 .  2 9  1 5  
3 5 . 39 16 
2 1 7 . 5 0 1 0 
3 4 . 80 10 
1 0 4 . 4 0 1 0  
55 . � S 5 
1 0  . 11 4  1 5  
1 0 . S & 1 5  
3 2 . ; J 1 0  
5 2 . 2 0  8 
69 . 6 0  1 0  
6 0 . 90 1 0  
7 6 . 56 1 0  
3 5 . 2 8  1 0  
5 2 . 20 1 5  
1 7  . t. O  1 5  
1 1 2 . 7 5  1 5  
To t a l  
F ! ,.; cd 
Co s t !  
$ 1 , 1 8 9 . 6 4  
1 7 8 . 1 3 
1 4 8 . 3 8 
6 7 . 9 5  
2 0 5 . 0 3  
l J .'3 . 2 2  
2 1 4 . 9 0 
4 6 1 . 1 0 
5 2 1 . 0 2 
2 .:. 3 . 9 8 
1 , 9 2 1 . 2 5 
3 0 7 . 4 0 
9 1 : . 2 3  
7 7 9 .  $4 
7 4 . : 2 
7 7 . 'i ) 
2 '? 0 .  3 1)  
5 2 8 . t <'i 
6 1 4 . (1 0 
5 J 7 . :t 5 
6 7 6 . 2 8 
3 3 8 . 1 4  
3 7 1 . 10 
1 2 3 .  7 0  
9 9 5 . 9 7  
w """ 
Table V .  Variable Co s t s  Per Ac re fo r S ix-Plow Machine ry on a 1 6 00 Acre 
Farm 
I t em 
Trac tor 
Plow 6 - 16 in . 
Disk 16 f t . 
Field cu l t iva t o r  1 8� f t . 
Harrow 35 f t . 
Corn plan t e r  
Corn cul t ivat o r  
Corn p ic ke r  
Corn cho pper 
Chis e l  plow 1 6  ft . 
Drill 16 ft . 
Sprayer 
Swa t he r--smal l grain 
Comb ine 
Baler 
Swa ther--a l f  al f a  
Hay l iner 
S tac ke r 
Cos t  
Dry l and Farm 
$ . 18 
. 64 
. 3 1 
• 33 
. 30 
• 33 
. 33 
2 . 5 5 
1 . 90 
. 35 
. 57 
. 10 
. 2 9 
1 . 09 
1 . 08 
1 . 08 
. 88 
1 . 7 0 
Pe r Acre 
I rrigat ed Farm 
$ . 1 8 
. 64 
• 31 
. 33 
. 30 
. 33 
. 33 
2 . 55 
2 . 9 0 
. 35 
. 5 7 
. 10 
. 29 
1 . 36 
1 . 62 
1 . 62 
2 . 52 
4 . 86 
Source : Myron w .  Wol f f ,  "An Econo mi c  Analys is o f  S e l e c t e d  I r ri g at ion 
S ys t ems Appl i c ab l e to The Eastern Missouri Slope Area o f  
S ou t h  Dakot a" (unpubl ished Master ' s t he s is , So uth Dako t a  S t a te 
Unive rs i t y , 1 9 7 0 ) , p .  1 8 .  
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Table VI .  Act ivit ies Included in the Linear PrograllDiling Model 
Activity Descript ion 
Hired Labor 
101 Period one labor 
102 Period two labor 
103 Period three labor 
104 Period four labo r 
105 Period five labor  
106 Period six labor 
107 Period seven labo r 
108 Period eight labor 
109 Period nine labor 
110 Period ten labor 
Borrow CaEi tal 
201 
202 
203 
204 
205 
210 
211 
Annual operating capital 
Period two operating capital 
Livestock facil it ies capital 
Livestock animal capital 
Crop machinery capit al 
Irrigation operating capital 
Irrigation sys tem capital 
Harvest Dryland Crops 
301 Harvest corn 
302 Harvest corn s ilage 
303 Harvest alfal fa 
Purchase and Sale of Crops 
304 
305 
306 
3 07 
308 
309 
310 
Sell co rn 
Sell al fal fa 
Buy · corn 
Buy alfalfa 
Sell wheat 
Sell barley 
Sell oats  
Unit o f  Measure 
Hour 
Hour 
Hour 
Hour 
Hour 
Hour 
Hour 
Hour 
Hour 
Hour 
Hundred dollars 
Hundred dollars 
Hundred dollars 
Hundred dollars 
Hund red dollars 
Hundred dollars 
Hundred dollars 
Ten bushels 
Ton 
Ton 
Ten bushels 
Ton 
Ten bushels 
Ton 
Ten bushels 
Ten bushels 
Ten bushels 
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Table VI .  (cont inued ) 
Activity Des crip t ion 
Transfer Sell Grain to Co rn Equivalent 
314 Com 
318 Wheat 
319 Barley 
320 Oats 
324 Surplus dispos al o f  corn rest riction limit 
Clas s I Cropland 
401 Corn 
404 Oats 
405 Flax 
4 06 Wheat 
408 Barley 
409 Al falfa 
410 Oats-alfal fa-al fal fa-al falfa 
Class II Cropland 
501 Corn 
504 Oats 
505 Flax 
506 Wheat 
508 Barley 
509 Al falfa 
510 Oats-alfal fa-alfal fa-alfal fa 
Pas ture 
549 Trans fer grazing from Period 
550 Trans fer grazing  from Period 
55 1 Native pas ture 
552 Improved pasture 
2 to Period 
1 to Period 
555 Tow line irrigat ion improved pasture 
560 Center p ivo t irrigation improved pasture 
570 Wheel move irrigation improved pasture 
Purchase and S ale of Livestock 
601 
602 
603 
604 
Buy calve s  
Buy yearlings Period 1 
Buy yearlings Period 2 
Sell calves 
3 
2 
Unit o f  Measure 
T n b us hels 
Ten bushe ls 
Ten bushels 
Ten b ushels 
Ten b ushels 
Acre 
Acre 
Acre 
Acre 
Acre 
Acre 
Acre 
Acre 
Acre 
Acre 
Ac re 
Acre 
Acre 
Ac re 
Acre 
Acre 
Acre 
Acre 
Acre 
Acre 
Acre 
Head 
Head 
Head 
Head 
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Table VI .  (con t inued ) 
Activity Desc ript ion 
Beef Cow 
621 Bee f cow and cal f 
Feeding Calve s 
623 Drylo t calves , no s il ag e  
624 Drylot calves , s ilage 
625 Pas ture calve s , no s ilage 
626 Pas ture calves , s il ag e  
Feeder Yearl ings 
622 Raise feeders , past ure , no s ilage 
628 Yearl ing fee de r , t r ans fer 
629 Raise ye arl in g  feede r 
631 Drylo t yearl ings , Pe rio d  
632 Drylo t yearl ings , Pe riod 
641 Drylo t yearlin gs , Pe riod 
642 Drylo t yearl ings , Pe riod 
661 D rylo t yearl in gs , Perio d  
no silage 
662 Drylo t ye arl in gs ,  Pe riod 
silage 
Harvest I rrigated 
7 01 
7 02 
703 
Irrigated co rn 
Irrigated co rn s il age 
I rrigat ed al fal f a  
Irrigated :  Tow Line 
801 Com 
803 Soybeans 
804 Oats 
805 Flax 
806 Wheat 
808 Barley 
809 Al fal fa hay 
1 ,  no s il age 
1 ,  s ilage 
2 no s il age 
2 ,  s i lage 
1 and Pe rio d 
1 and Pe riod 
810 Oats-al fal fa-al f a l fa-al fal fa 
2 ,  
2 ,  
Unit o f  Meas ure 
Cow-calf 
Head 
Hea d 
Head 
Head 
Head 
Bead 
Head 
Head 
Head 
Head 
Head 
Head 
Head 
Ten bushels 
Ton 
Ton 
Acre 
Acre 
Ac re 
Ac re 
Acre 
Acre 
Acre 
Acre 
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Table VI .  (con t inued)  
Act ivity Desc ript ion 
Irriga ted : Cen ter Pivot 
1001 
1003 
1004 
1005 
1006 
1008 
1009 
1010 
Corn 
S oybeans 
Oats 
Flax 
Wheat 
Barley 
Al fal fa hay 
Oats-alfal fa-al fal fa-al fal fa 
Irrigated : Wheel Move 
1201 
1203 
1204 
12 05 
1206 
1208 
1209 
12 10 
Corn 
S oybeans 
Oats 
Flax 
Wheat 
Barley 
Al falfa hay 
Oa ts-alfal fa-alfal fa-al fal fa 
Unit o f  Meas ure 
Acre 
Acre 
Acre 
Ac re 
Ac re 
Acre 
Ac re 
Ac re 
Ac re 
Acre 
Acre 
Acre 
e re 
Acre 
Ac re 
Ac re 
Source : Myron W .  Wol ff , " An Economic Anal ysis o f  Selec t ed Irri gat ion 
Systems Appli cab le to The Eas t ern Mi s so uri S lo pe Area o f  
South Dakot a" (unpubl ished Mas t e r ' s thesis, South Dako t a  S t at e 
Unive rs i ty , 19 70) , pp . 2 3-25 . 
42 
4 3  
for each coun t y  were found t o  b e  s i gn i f ic ant a t  the 90 percen t l eve l . 
The proj ec t ed y i e l d s  a l s o  were found to f all within �he range t h at 
the Plant S c ience Depar tment a t  South Dako t a  S t ate Unive rs i t y  wer e  
current ly u s in g .  It was a s s umed that a h igh l evel o f  man a gemen t 
could ach ieve the y ie l ds a s s umed here t hrough the s e  o f  current 
technolo gy . 
Tile agg re g a t e  p ro duct ion o f  the two l and types mus t b e  con­
sidered under i r rigat ion s in c e  it was impos s ib le to b reak a l a rge 
tract o f  i r rigated l and in to small fi elds by c l as s i f icat ion and 
product ion . The re f o r e  a we i ghted average o f  the ant icipated c ro p  
yields from t h e  two l an d  t ype3 under i rr igat ion was used a s  the 
yield levels as sumed in t he mo de l .  The we i gh t ed ave r a ge was d e t e r ­
mined by suuming 65 p e rcen t and 3 5  pe rcent o f  t h e  an t ic ipated irri­
gated crop yi e l ds on Cl as s I and Class II land respec t ively . These 
yield fi gures a re pre s en t ed in Table V I I . 
Crop ac t ivi t ies in t h i s  s t udy were all a con t in o us c rop 
aequence except fo r o ne ro t a tion . Dryland en terprises were c o rn , 
oa ts , f l a x ,  wheat , barley , a l f al fa , and an oat s -alfal f a-al f al fa­
alfal fa ro t at ion . Al l o f  t he s e  c rop act iv i t ie s  could b e  e i ther 
sold or fed t o  l ives t o ck w i t h  the e xception o f  flax . Unde r  i r r i ga­
t ion soybeans were added to a l l  the above alternat ive P.nt e rp r i se s . 
Acreage al lotmen t s  fo r whe a t  and feed g rains were b ased on p as t 
history f i gu res f rom t he So uth Dako t a  Crop and Lives tock Rep o r t ing 
Service along with t he res ul t s  of a s urvey t aken by t he Economi cs 
Depart ment o f  South Dakot a S t a te Univers ity . From t h is inf o rmat ion 
a wheat base of 35 0 a c res and a f ced grain b ase o f  2 5 0  acres was 
eatabl ished . 61 
Ac t ivi ty bud g e t s  we re d evel oped fo r each o f  the va�ious a c t ivi ­
ties to ob t ain t h e  ne t e f fe c t  o n  to tal f a rm  ret urns a s s o c i ated w i t h  
each o f  .the c r o p  a c t ivi t ie s . These budge t s  are shown in Append ix F ,  
Tables XIV th rough XX I I .  Fuel , o il , grease , re pai rs , f e r t i l iz e r , 
weed and insec t c hemi ca ls , s eed , and c ro p  insuran c e  were con s idered 
variab le co s t s . Tabl e s  IV t h ro ugh V I I I  in Appendix G show the d at a  
used wi th res p e c t  t o  f e r t il iz e r  requiremen t s , app l i ca t ion , and 
cos ts . 62 
Prices . Pro j ec ted p r ic e s  f o r  the above c rops were e s t ab l i shed 
in consu ltat ion wit h  m arke t in g  pe rsonnnel in t he South Dako t a  S t at e 
Univeristy Economic s  Depa rtment prio r t o  use in Wo l f f ' s s t udy .  Consul t a-
t ion with the s ame pe r s onne l  p r io r  t o  the present s t udy ind ic a t e d  t ha t  
these pr ices remained ac cept ab l e  fo r c urrent use .  Maj o r  rev i s ions in 
61Ibid . , pp . 2 2 , 2 6 . 
62Ibid . , p . 28 .  
Table VII . Crop Yields Per Planted Acre by Class of  Land 
Crop 
Corn , grain 
Corn , sil ge 
Soybe ns 
Barley 
0 t a  
Wheat 
Flax 
Al falfa 
Al falfa aftermath 
Ro ta tion pas ture 
Improved pa st ure 
Irrigation improved 
pasture 
Unit 
Bushels 
Ton 
Bushels 
Bushels 
Bu shels 
Bus hels 
Bushels 
Ton 
T .H . E .  
T .H . E .  
T . H . E .  
T .H . E .  
Dry land 
Class I Class I I  
Land Land 
l�a .  O 
a . a  
a . a  
4a . o  
so . a  
25 . 0  
11 . 0  
1 . 6  
0 . 1  
o . s 
1 . 6 
o . o  
33 . 0  
6 . 6  
a . a  
34 . 0  
4 3 . 0  
23 . 0  
9 . 0 
1 . 4 
o . o  
o . o  
o . o  
o . a  
Irrigation 
Cl ss I Class I I  
Land Land 
125 . 0  
2 0 11 8 
5 . 0  
as . a  
1 10 . 0  
60 . 0  
23 . 0  
6 . 0  
0 . 4  
o . o  
o . o  
l . 8  
110 . 0  
18 . 3  
J a . a  
7 5 . 0  
95 . 0  
5 3 . 0  
18. 0 
5 . 1  
o . o  
o . o  
o . o  
o . a  
Source : Myron w .  Wolf f , "An Economic Analysis o f  Selected I rrigat: ion 
Systems Applicab le to The Ea s tern Missouri Slop'.! Area o f  South  
Dakota " ( unpublished Master ' s thesis , South Dakota State 
Unive rs ity , 1 9 7 0) , p .  2 7 .  
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the livestoc k prices were made prior to their use in this study. These 
prices were revised to reflect current and proj ected t rends through 
consul tation with Market ing S pecial is ts from the Economic Department o f  
South Dako ta S tate Unive rsity . Tab le IV of Append ix E shows the as sumed 
prices received fo r c rops and l ivestock as wel l  as the pr ices paid for 
input s .  Where applicable i n  t he irrigat ion cost t ables i n  Appendix G 
and in the crop budge t s  o f  Append ix F prices were revised to reflec t the 
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uae of cos t-saving PVC (plast ic ) underground mainl ine pipe i n  the irriga-
t ion sys tems . These irTigat ion cost revisions were the e ul t  o f newly 
available dat a .  
Livestock Ac t ivit ies . Live stock act ivit ies were r_s t ri c t e d  to 
beef produc t ion enterpr ises . D if ferent managemen t s t  at e gies we re 
presented in the plann ing mo de l s . A t o tal of 14 l ive s t o c k  ac t ivit ies 
were cons idered as production al te rnat ives . A cow-ca lf ente rp rise 
assumed a 92 percen t cal f c rop . Therefore a cow herd of one hund red 
cows would produc e 9 2  c al ves . A 1 6  percent replacement rate was 
assumed with 2 0  he i fer c alves h eld b ack for replacemen ts . S ixt een 
of the 9 2  calves became herd rep la cements wit h fou r  of  the calves 
held back and b e ing so ld as cull h e i fers . Se �enty-two calves were 
then ava i l ab le to be sold or t r ans f erred to o ther ac t ivit ies . Th e s e  
72 calves were composed o f  4 6  s t eers and 2 6  hei fers . 
Calves p roduced by t he cow-he rd f o r  sale in Oc tob e r  coul d  b e  
either sold , ent e re d  into a f a t t ening activity , o r  b e  win t e red in 
period two from Oc tober 15 to Ap ri l 1 5 . The cow-cal f act ivity con­
s idered four alt e rnat ives . One ac t ivity pro d uced feeder calves fo r 
sale on October 1 5 . Ano ther ac t ivity p rod uced calves to b e  wint ered 
on ra tions o f  corn and suppl emen t grain p lus alfal fa hay . They we re 
then sol d  as 650 pound yea r lings on April 15 . The fourth c ow-cal f 
alternat ive was relat ed to the th i rd . The 6 5 0  pound calve s  s o l d  on 
April 15 could b e  t rans ferred in to a d rylot fee ding ac t ivit y . Unde r  
this plan t h e  calve s  wo uld b e  f e d  a s il a ge o r  co rn grain rat ion a t  a 
rate su f f i c ien t to al low s al e  o f  a good t o  choice 1 , 05 0  to 1 , 100 
pound s t ee r  on Oc t o b e r  1 5 . 
The four cal f feeding ac t ivit ies al lowed 4 25 pound s t eer c alves 
to be b ough t Oc tobe r 1 5 , win t ered , and fed in d rylo t . A rat ion o f  
s ilage o r  coru grain ?l us al fal f a  h ay provided a 1 , 05 0  pound an imal 
salable ten mon th s later . Pas t u ring calves for five months was also 
considered an alt e rnat ive to s t r ai ght d rylo t  f eeding . 
S ix  yearl ing feedin g  en t e rprises we �e cons idered . Yearling 
s teers wei gh ing 650 pounds coul d  be purchased in both periods one 
and two wh ich rep res ented Apr il 15 to Oc tober 15 and October 15  to 
April 15 respec t ively . Slaughter steers we re marketed at 1, 1 00 
pounds in a good to cho ice g�ade. 63 
The prices paid and rece ived fo r cattle we re s t  bl ished in 
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con ult a t ion wi th market ing and farm management pe rsonnel i n  t h e  Economics 
Department o f  South Dako ta S t at e  University .  The prices · s sumed in th is 
study are shown in Table IV o f  Appendix E .  These prices reflect an 
estimate of future ave rage p ri ces tha t  were based on cond it ions proj ec te d 
to be consis tent with present day prices. Representat ive budget s  for the 
l ivestock enterp rise al te rn t ives ut il ized in the present st udy are shown 
in Tab les I through XI I I  in Appendix F .  
Irrigation Sys tems 
Three irrigat ion systems were cons idered in this s t udy . The 
systems selected were the tow l ine , center p ivot , and wheel move 
systems . These three �ys t ems we re se lec t ed because they re present 
the present day t rend in ag ricult ure o f  subst it ut ing cap ital fo r 
labor .  The sys tems represen t t h ree d i ffe rent level s  o f  inves tment 
and labor requiremen ts in relation to mode rn me chanical irrigat ion 
technology . The st udy as sumed that each quar ter sec t ion of land 
r quired an individual ir ri ga t ion sys t em . 64 
Tow Line Irrigat ion Sys tem . O f  the three s ys tems s e lected , 
the tow line has the l owes t inves tment per acre . The sys t em has a 
rela tively low annua l o pe rat ing cos t  also . The tow l ine lat eral 
system has fixed or swiveled two-wheeled carriages which support 
the sprinkler pipe at intervals of 40 t o  60 fee t . To move the l ateral 
from one set t ing to the next it i s  end-t owed by t ruck o r  t ra ct or . 
Each lateral has s pr inkler heads a t  regular intervals throughout i t s  
length . The sprinklers are placed on long risers and out rig ge rs 
and used to provide s t ab il ity when i rr i gat in g  tall crops . The tow 
line sys tem will irrig ate 1 52 ac res o ut o f  1 60 acres . 6 5 
63 Ibid. , pp . 2 9 -3 0. 
64 Ibid. , pp . 3 0-31. 
65Ibid. , p .  3 1 . 
Center P ivo t Ir riga t ion Sys tem .  A center pivo t , s e l f-propelled 
cont inuous ly movin g sys t em has a lateral p ipel ine which is an chored 
at the cen t e r  of the i r ri ga ted a rea and swings l ike a huge clock 
hand around lt s full c ircle . Th is sys t em does no t i rrigat e  t he c o r­
ners of fields s ince t he shape o f  the area irri gated is c ircul.ar .  
Therefo re , a 1 6 0  acre sys t em only irri gates 1 3 8  ac res . Water is 
introduced into the late ral at t he center f rom e ither a we l l , an 
irrigat ion canal , or a s t ream . 
S prinklers varying in type , no z z le size , and discharge capac ity 
are spaced at in tervals along t he l a teral with the large s t  discha rge 
at the fu rthes t po in t f rom t he pivo t  where the field area to b e  
irrigated i s  the la rges t .  The des i gn is s uch that uni fo rm  water 
dis tribu t ion occurs along the lateral . 
Speed of  this sp rinkle r r o t a t ion can be varied so that f rom 15 
hours to seven days are requi red to comple te one revo luti on .  The 
slower the lateral ro t a t ion , the greater the dept h o f  water appl ied . 
The depth o f  wa ter  app l ied is determined by the comb inat ion o f  
sprinkler noz z le s iz e , wa t e r  pressure , spac ing o f  the sprinkle rs on 
the lateral ,  ru1d the s peed o f  ro tat ion . 
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Th e  center pivo t , sel f-p ropelled lateral sys t ems move alon g on 
wheels ,  crawler t ractor t racks , or s ki ds . Wheel vers ions are p owered 
by wa ter-d riven mechanisms , hyd raulic cyl inders , rotat ing arm type 
sprinkl ers , or  e l ec t ric mo tors . The skid t ype is  pushed fo rward b y  
a hydraul ic-powered walking foot . 
The lateral pipel ine in mos t center pivot , sel f-propelled 
sys tems is ri gid � One s ys tem ,  however , hes f lexible j oints  at each 
suppo rt point wh ich pe rm i t s  s at is factory ope rat ion on uneven t e rr ain . 
All sys tems have bui l t - in s a fety devices t ha t  s top t he la teral i f  a 
sect ion ge ts out o f  a l ignmen t . Of the three systems cons ide red , 
the center pivot , sel f-propel led sys tem has the h ighes t inves tment 
cos ts pe r acre . 6 b 
Wheel Move I r ri gat ion Sys t em .  Th e  wheel move irrigat ion s ys t em 
is somet imes called the s ide-move tow s prinkler sys t em .  The wheel 
move sys tem requires a capi t al inves tment between t ha t  o f  the t ow 
line sys tem and the cen t er p ivo t sys t em. Its  labor re�uiremen ts are 
greater than tho s e  o f  the center pivo t  syst em but less than tho s e  
o f  the t ow l ine s ys t em.  
The wheel move system was d eveloped to place the sprinkl e rs 
above tal l-growing c rops such as co rn .  The main lateral p ipe l ine 
is supported ove r the o uter r im of t he wheels which are of cons ider­
able s ize in some sys t ems . The wheels are in two-wheeled carriage 
arrangements whi ch s uppo rt the lateral at 50 to 60 foot intervals . 
Each wheel is powered from a l ine shafc by a bel t , chain d rive , o r  
gear . The line sha ft powe r i s  a smal l , 6 t o  1 0 horsepower , gaso­
l ine engine located a t  the m iddle of the lateral . Anot her ve rs ion 
6 6  Ibid . , pp . 3 1-3 3 . 
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uses elec t ric mo t o rs to  move s ec t ions o f  the l ine sha f t .  Thi 
irrigates 154 acres o ut o f  a qua rter sect ion . 67 
ystem 
B ig Gun Irrigat ion System .  The b ig gun sprinkler irri gat ion 
system , s e t imes called the revolving head sprinkl er sys tem , 6
8 
is e ing 
used wi th increas ing f requen cy for i rrigat ion of  tall c rops in Sout h  
Dakota.
69 
N ew  innovat ions in this part icular system have eliminated 
many of th drawbacks that the o lder systems possessed . B ig gun ys tems 
no longer are o f  the f i xed-upright variet ies nor do they have s evere 
nozzle angles . The severe noz zle angles o f  the older syst ems made them 
very susceptibl e to wind d irec t ion and veloc ity . Today ' s  sys t ems are 
self-propelled uprights mounted on four-wheeled carriages which follow a 
guide cable . They are connect ed to the mainl ine by  a flex ible rubber 
hose .  
New nozzle componen ts util ize noz zle angles o f  2 7 degrees and 21 
degrees . Tile 2 1  degree no zzle is part icularly suited for  the h i gh wind 
conditions expe rienced in South Dako ta .  Nozzles hnve been improved to 
provide better coverage through improved st ream b reak-up . The mob ility 
of these new sys t ems allow unl imited variat ion o f  dis t ance b e tween runs 
to insure maximum covera ge and t o  red uc2 even more the e f fe ct s  o f  the 
wind . 
67Ibid . , pp . 33-34 . 
68
cuy o. Woodward , Sprinkler Irrigat ion (Hyat tesville : &litor 
Press , Inc . , 1 959 ) , p. 12 , 
691nterview wi th s .  W .  Black , Extens ion Irrigation S pecial i s t , 
South Dako t a  S ta t e  Unive rsity , July , 1 9 7 1 . 
The majo r disadvan t a ge to this sys tem is that i t is a igh 
pressure system requirin g  at  leas t 8 0  psi  o f  water pres sure to  funct ion 
at its  bes t . 7 0 Th is means somewhat higher costs  due to the more expen-
aive h igh pr ss ure componen ts . Al thou gh the ind ividual uni t s  are quite 
expensive , there are advantages in the smaller labor requirewents for 
49 
moving the sys tem as compared to  o ther systems . There are also advant ages 
in being ab le to chav ge the covera ge pattern allow ing the irrigat ion o f  
irregularly shaped f ields . 
This sys t em was not included in this study . The three y s tems 
u ed were chosen because they represented the ext remes and the midpoint 
of labo r and capital requirement s  for  sprinkler irrigat ion in general . 
Th inclus ion o f  the big  gun sys tem would not add s ignifican t ly to the 
analysis because the inves tment cost s ,  labor requirement s variable 
coats , and fixed cos ts o f  this system fall between those required by the 
tow l ine and the wheel move sys tems . 7 1  Approximat ions o f  the enterp rise 
mix resul t ing from the int roduct ion of this sys tem into the firm can be 
aade by interpolat ion between the enterprise levels derived for the 
tow line sys tem and the whee l move sys tem .  Reason ab le app ·roximat ions 
of the input requirements of t h is system can be ob tained in �he s ame 
manner . 
7 1wallace G .  Aande rud , R,,� lph Sorenson , and S idney W. Black , 
"Irrigat ion Cos t s  e.nd Returns , "  Extens i on Circular 680 , Coo perat ive 
Extension Servlce ( South Dako t a  S t ate University , 1969 ) , pp . 3-5 . 
lntrod uc t ion 
Chapter 4 
ANALYS IS AND COHPARISON OF THE U NRES TRICTED 
D RYLAND AND THE U NRESTRICTED 
IRRIGATION PLANNING MODELS 
The purpos e  o f  this chap t e r  is to provide a b ro ad overview o f  
the e ffec t s o f  sprinkle r i rrigat ion o n  the representative farm fi rm .  
Three vari�t ions o f  the b as ic d ryland model are compare d  t o  the b as ic 
model in this chapt e r .  The three variat ions represent the ap plicat ion 
o f  three di f fe ren t irrigat ion sys t ems to the d ryland farm f i rm ' s  en ter-
prise mix . These sys t ems a re the tow l ine sys tem , the c en t e r  p ivo t 
sys tem , and the whee l  move sys t em .  Al l four mod�ls are al lowed unre-
stricted suppl ies of bo th labo r and capital . The resul t s  f rom each 
model represen t  the opt imum en t e rprise mix pos s ib le for that part icular 
model .  An op t imum en t e rprise mix i s  defined a s  one that yields t he 
maximum net ret urns to t he firm subj e c t  to the condit ions o f  the mode l . 
As t he se models o perate wit h  the assumpt ions o f  unrest r ic t ed lab o r  and 
capital , the ir enterpris e mixes represent the h ighest degre e  o f  develop-
men t of the representat ive farm f i rm  under d ryland and irrigated f arming . 
The broad overview o f  i rrigat ion is ob t a ined by compar ing the o p t imum 
dryland farm firm �ith the o p t imum irrigated farm f i rm u s ing each o f  the 
three irriga t i on sys t ems . 
Land U se Plans 
The opt im\ll'tl land u s e  ac t ivit ies derived f rom the solut ions 
of the linear pro gramming models are presen t ed in Table VII I .  
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Table VI II . Land Use Plans for the Opt imma Unrest ricted Planning Models 
Ac t ivit ies Unit Dry l and Tow Line 
Ir ri gat ion 
Dryland Crops 
Clas s I Land 
Co rn Ac re 392 0 
Wheat Acre 7 6  0 
Ba rl �; Ac re 250 125  
Al fal f a  Acre 0 0 
Class II Land 
Al f al fa Ac re 382 63 
TOTAL DRYLAND ACRES Acre 1 , 100 1 88 
Pas ture 
Nat ive Acre 2 06 1 35 
Impro ved Acre 2 52 32 0 
I rr igat ed Ac re 0 0 
TOTAL PAS TURE ACRES Ac re 4 58 4 5 5  
Irrigated Cro2s 
Co rn Ac re --- 532 
Whea t Acre - - - 7 6  
Barley Acre - - - 1 2 5  
Al falfa Acre - - - 1 7 9  
TOTAL IRRIGATED ACRES Ac re --- 912 
Cen t e r  Pivo t  
Irrigat ion 
0 
0 
250 
28  
145  
4 2 3  
0 
320  
0 
3 2 0  
5 4 2  
0 
0 
1 35 
67 7 
Wheel Move 
Irrigat ion 
0 
0 
2 5 0  
1 0  
1 36 
396  
1 35 
320 
0 
455  
552  
0 
0 
1 5 2  
7 04 
Vt ..... 
The total ac reage planted to each crop as well  as the total produc tion 
for each c rop are both g iven in Tab le IX . Tab le X s eparates the to tal 
crop produc tion ac co rd ing to whe ther i t  was grown under d ryland cond i-
- tions or under i rrigated conditions and whe the r  the crop produc t ion was 
fed or sold . All c rop prod uc tion in all fou� planning models was used 
to provide feed grain fo r the livestock enterprises . Al l four model s  
raised corn , barley , and alfal fa hay . Al l four models converted some 
corn produc tion in to co rn s ilage . The dryland planning model and the 
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tow l ine i rrigat ion model raised wheat in addit ion to the crops spec i f ied 
above . The tow l ine ir ri gat ion model irrigated the lar gest  pe r centage 
of available cropland , i r ri ga t ing 8 3  percent as compared t o  6 2  percent 
and 64 percent of  to t al availab le c ropland irrigated under the center 
pivot and the wheel move i rrigat ion models respect ively . All co rn acre­
age in all three i rrigat ion models was irrigated , as well as 7 4 pe rcent , 
44 percent , and 5 1  percent o f  the al falfa acreage under the tow l ine , 
center pivo t , and wheel move models respect ively . The tow l ine model 
irrigated all o f  its  whea t acrea ge as well as 50 percent o f  its b arley 
acreage .  By ir ri gatin g  one half o f  its  b arley acreage , the tow l ine 
model inc reased its barley product ion by 52 percen t  over that o f  the 
other three models .  All four models utilized the full 2 5 0  acre l imit 
o n  barley produc tion . 
The total acrea ge p lanted to corn under the d ryland mo del 
amounted to 36 percent o f  the total c ropland as compared to 4 8  percent 
( tow line ) , 49 percent (�enter p ivot ) ,  and 50 percent (whee l move ) . 
Irrigation increas ed c o rn p roduct ion over that o f  the dryland model by 
Table IX. Total Acreage and Production by Crop for the Opt innn Unrest ricted Planning Models 
Item Unit Dry land Tow Line Center P ivo t 
Ir rigat ion I rrigat ion 
Total Cro� Acreases 
Corn Ac re 3 92 532  542 
Wheat Ac re 7 6  7 6  0 
Barley Acre 2 5 0  2 5 0  250 
Al fal fa Acre 3 82 2 4 2  3 08 
TOTAL ACREAGE Ac re 1 , 100 1 , 100 1 , 1 00 
Grain and Forase Product ion 
Corn Bushel 12 , 099 45 , 3 39 4 8 , 5 01 
Co rn s ilage Ton 7 18 3 , 07 1  2 , 7 35 
Wheat Bushel 1 , 896 4 , 368 0 
Ba.rley Bushel 10 , 000 15 , 1 7 1  10 , 000 
Al falfa hay Ton 5 35 1 , 1 04 1 , 01 7  
Wheel Move 
Irrigat ion 
552  
0 
2 5 0  
2 98 
1 , 100 
4 9 , 7 2 5  
2 ,  7 2 1  
0 
10 , 000 
1 , 07 2  
U1 w 
54 
Table x.  Product ion Techn ique and Us e by Crop f o r  the Opt imum 
Unrest ric t ed Plann ing Models 
Crop and Model Technigue Use 
( Unit ) Dry land Irrigat ed Fed Sold 
Corn (Bushel) 
---Ory land 12 ,099 0 12 , 09 9  0 
Tow Line 0 45 , 339 45 , 33 9  0 
Center Pivot 0 48 , 501 48 , 5 01 0 
Wheel Move 0 49 ' 725 49 , 72 5  0 
Corn S ilase ( Ton ) 
Dry land 718 0 718 0 
Tow Line 0 3 , 07 1 3 , 07 1  0 
Center Pivo t 0 2 , 7 35 2 , 735 0 
Wheel Move 0 2 , 721 2 , 7 2 1  0 
Wheat (Bushel ) 
Dry land 1 , 896 0 1 , 896 0 
Tow Line 0 4 , 368 4 , 36 8 0 
Center P ivo t 0 0 0 0 
Wheel Move 0 0 · 0 0 
Barley (Bushe l )  
Dry land 10 , 000 0 10 , 000 0 
Tow Line 5 , 000 10 , 171 15 , 171 0 
Center Pivot 10 ,000 0 10 , 000 0 
Wheel Move 10 , 000 0 10 , 000 0 
Alfalfa Hax ( Ton ) 
Dry land 535 0 535 0 
Tow Line 8 8  1 , 016 1 , 1 04 0 
Center P ivot 247 7 7 0  i . 01 1  0 
Wheel Move 207 865 1 , 07 2  0 
275 percent under tow line irrigat ion , by 3 01 percent under center pivot 
irrigation , and by 311  percent under wheel move irrigation . Ir rigat ion 
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of the same number of  acres of  wheat in the t ov line model i the dry-
land model incre sed the dryland wheat product ion by 1 30 percent . The 
total acrea ge planted to al fal fa hay under the dryland model amounted 
to 34 percent of the tot al c ropland . This percentage waa reduced with 
the addition of irrigation to 22 percent with tow l ine irri gat ion , to 
28 pe rcent with center pivo t  i rrigat ion , and to 27 percent with wheel move 
1 rigation . Alfalfa hay produc tion , however , increas ed over that of  the 
dryland model by 328 pe rcent ( tow l ine ) , 281 percent (center pivot ) and 
279 percent (wheel move) . The sizable increases in alfalfa produc t ion 
fro fewer ac res planted to al falfa in the irri gat ion model was due to 
the fac t that 74 percent , 44 percent , and 51 percent of the alfalfa  acre­
age was irrigated in the t ow l ine , center pivot , and whee l  move plans 
respectively .  The percentage of  total cropland planted t o  b arley remained 
· a const ant 23 percent in all four planning models . 
The maj or cropping changes were results of  the substant ial 
decrease in total acres irrigated when the center p ivot and the wheel 
move systems were used as compa red to the tow l ine system. nie center 
pivot system irrigated 235 ac re s  l ess than the tow line sys t em and the 
wheel move sys t em irrigated 208 ac res less . Of the 235 ac res difference 
in irrigation between the t ow l ine and the �enter pivot system ,  125 acres 
were swi tched from irrigated b arley under the tow line system to non­
irrigated barley planted on Class I land under the center p ivot syst em . 
Of the remaining 110 a cres d i f ference the Class II d�land al fal fa 
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acrea ge was increas ed over that o f  the t ow l ine mode l b y  8 2  acres and the 
remaining 28 acres was p l an t ed as al fal f a  on Class I d ry l and land . Thi s  
decreas e in irrigated ac re age b y  1 00 acres was ob t ained by no t rais ing 
76 ac res of irrigated whea t in t he cen ter pivo t plan and by ir riga t ing 
34 acres less of al fal fa . The c enter pivo t  model decreased the irrigated 
alfalfa ac reage by 4 4  a cres , however ,  and these add it ional t en ac res were 
added to the center pivot i rrigated corn acreage . The t en acres increase 
in irriga ted corn product ion c ould have al so come from the 7 6  acres 
decrease in irrigated wheat produc tion in which case the ent i re 44 ac res 
decrease in irrigated al fal f a  would have b een sh i f ted t o  d ry land al fal fa 
product ion . 
Of the 2 08 ac res d if ference in irrigated cropland b etween the 
tow l ine model and the whee l  move mod el , 1 25 acres were s h i f t ed from 
irriga ted barley under the t ow l ine mo del to  d ryland barley p ro duct ion 
under the wheel move mode l . Of  t he rema in ing 8 3  acres , the wheel move 
Class II dryland al fal fa ac re age was increased by 73 acres an d the 
remaining ten acres were p lant ed as Class I dryland al fal fa . Th i s  
decrease in irrigated ac reage from that  of  the tow l ine model by 83  ac re s  
was ob tained b y  no t rai sing , i n  t he wheel move model , 76  acres o f  irri­
gated wheat  and by shi f t ing seven acres o f  irrigated alfal f a  to  d ryland 
al fal fa . · The irrigated al fal fa in the wheel move model dec re as ed in 
acreage by 2 7  ac res and 2 0  a cres o f  this dec rease was shi ft ed t o  irri­
gated corn . The 2 0  acres increase in irrigated corn under the wheel 
move plan as compared t o  t he t ow l ine p lan c ould have al so come f rom the 
76 acres decreas e in irriga t e d  whea t . In this case the full 27 ac re s  
decrease in wheel move irrigated a l f al fa woul d  b e  shi fted t o  d ry l an d  
alfalfa . The percentage o f  Class I land i rrigated and the percentage o f  
Class II land irrigated remained constant fo r all three irrigat ion 
models , with 65 percent o f  the Class I land b e in g  i rrigated and 35 
percent of the Clas s II land bein g  irrigated . As the percentage o f  
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total cropland planted t o  barley remained the s ame ,  23 p rcent , for all 
four models , the seven percent dec rease in acreage planted to crops expe­
rienced in the center pivot and wheel move models when no i rrigated 
whea t was planted was made up in corn and alfal fa . As compared to the 
tow l ine model , the center p ivo t model increased the percenta ge o f  to t al 
cropland planted to  co rn by one percent and the percentage planted to 
alfalfa by s ix percent . Also compared to the tow l ine odel , the wheel 
1D0Ve model increased the percentage of total c ropland plan ted to co rn by 
tvo percent and the percent age planted to al fal fa by  f ive percent . 
Table XI presents these percentages for all crops and pas ture type s .  
The dryland model and the t ow l ine and wheel move irri gat ion 
models made maximum use o f  the 4 60 ac re l imit at ion on paRt ure l and . The 
dryland model used 4 58 ac res o f  pasture ,  the tow l ine model used 4 5 5  
acres o f  pas ture , and the wheel move model used 4 55 acres o f  pasture . 
The dryland model improved 55 percent o f  its  pas ture acreage whereas all 
three ir rigat ion models improved the maximum pos s ible o f  320 acres which 
was 7 0  percent o f  the pasture l and used by the tow l ine and the wheel 
move model . The center  pivot irrigation model used only 32 0 ac res o f  
improved pas ture land and n o  nat ive p asture land . None o f  the thre� i rr i­
gation models irrigated any pasture acreage . 
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Table XI . Crop and Pa s t ure Pl ans as Pe rcen t ages o f  To t al Land Avail able 
for Each Use : Opt imum Unres t ric t e d  Plann ing Models 
Land Type and Us e D ry land Tow Line Center Pivo t Wheel Move 
I rrigat ion I rrigation Irrigat ion 
Cropland 
Com 36% 4 8% 4 9% 50% 
Whea t 7 %  7 %  0 %  0% 
Barley 23% 2 3% 23% 23% 
Alfalfa 34% 22% 28% 27% 
To tal 100% 100% 100% 1 00% 
Pasture 
Native 44% 29% 0% 29% 
Improved 55% 7 0% 7 0% 7 0% 
Irriga ted 0% 0% 0% 0% 
Unused 1% 1% 30% 1% 
To tal 100% 100% 100% 100% 
Livestock Activit ies 
The optimum comb inations of  enterprises for the iveetock plans 
are shown in Table XII .  In the d ryland mode l  64 5 animals were purchased 
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of which 482 were calves and 163  were period two (October 5 to  April 1 5) 
yearlings . A beef cow and calf herd o f  5 7  units72  was maintained in the 
dryland model and produced 4 1 calves for use in other l ivestoc activit ies .  
Of the total 68 6 animals , both calves and yearlings > available to the 
firm 114 head of calves we re fed t en months in drylot with no s ilage 
ration and so ld at 1 , 050 pounds . The remaining 4 09 head o f  calves were 
wintered on a light grain cat ion for six months before 1 6 3  head were 
transferred to drylot in period one (April 15 to October 1 5 )  to be  fed 
out on silage ration and sold for slaughter on October 1 5 . The 1 63 
head of yearling feeders purchased were also fed out on s ilage ration 
in the same drylot activity but during period two (October 15 to April 
15 )  and sold for slaughter on April 15 . The remaining 2 4 6  head o f  calves 
were raised to yearling feeders and sold on April 15 at 65 0 pounds . 
In the irrigation models no beef cow and calf enterprises were 
maintained nor were any calves fed out in drylot for ten months . All 
calves were purchased in all three irrigation models and were either 
wintered on a light grain rat ion for s ix months and t ransfe rred to  drylot 
to be fed out in period one on a s ilage rat ion and sold for slaughter 
on October 15 or they were raised to yearling feeders and sold on April 
15 at 65 0 pounds . All period two yearl ing feeders purchased in all three 
720ne unit is a cow and a calf .  
Table XII .  Livestock Plans for the Opt imum Unrest ricted Planning Models 
Livestock Activi ty1 
Total calves purchased 
To tal yeerlings purchased 
Beef cow unit : Feeder calf sold , October , 
replacements firs t calf as two-year old 
Feed calves : Buy calves , October , ten 
months in drylot , no silage 
Transfer calves : Buy calves , October ,  winter 
on light grain ration , trans fer to drylot , 
feed out in Period 1 ,  silage ration , sell for 
Unit Dryland 
Head '•82  
Head 1 63 
Cow-
Cal f 57 
Head 114 
slaughter , October Head 163 
Raise yearling feeders : Buy calves , October , 
winter on light  grain ration , sell 650 pound 
feeders ,  April Head 
Feed good to choice yearling steer :  Buy 
65 0 pound feeders , October , feed out in 
Period 2 ,  silage rat ion , sell for slaughter , Two­
Apr i l  Head 
24 6 
163 
Tow Line 
Irrigation 
1 , 37 6  
698 
0 
0 
698 
6 7 8  
69 8 
Center Pivot 
Irrigation 
1 , 280 
62 2  
0 
0 
6 2 2  
658 
622 
Wheel Move 
Irrigat ion 
1 , 374 
618 
0 
0 
618  
756  
618 
1 The livestock act ivities available to the model are given in Appendix F ,  Tab les I through XIII . 
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irrigation models -were fed on s ilage ration in t he same drylot activity 
as the calves but in period two anJ were sold for slaughter on April 15 . 
The irrigation models purchased 1 , 3 76 head , 1 , 280 head , and 1 , 374 head 
of calves for the tow line , cente� pivot , and wheel move systems respec­
t ively . The irrigation models purchased 698 head , 622 head , and 618 
head of period two yearling feeders in the tow line , center pivot , and 
wheel move models respectively .  
S ixty percent o f  the  calves purchased in  the dryland planning 
model were raised to yearling feeders as compared to the i rigation 
odels ' percentages of 49 percent (tow line) , 51 percent (center pivo t) , 
and 55 percent (wheel move) . The use o f  i rrigation permit ted the numbe r 
of calves purchased to increase over the number purchased for the d·ry ­
land llk>del by 185 percent for the tow line and wheel move irrigation 
•odels and by 166 percent for the center pivot irrigation model . '£he 
purchase of period two yearlings increased over that o f  the dryland 
model by 328 percent , 282 percent , and 2 7 9  percent for the tow line , 
center pivot , and wheel move irrigation models respectively . The pre­
daninance in all four planning models of feed lot based livestock 
enterprises over enterprises with a pasture requirement was indicated by 
the quite similar percent ages of total animals requiring pasture and of  
those in feed lot in all four models . Under the dryland model 36  per­
cent o f  the livestock units used in the model were fed on pas ture and 
64 percent were fed in d rylot . Under the tow l ine model these  percent­
ages became 33 percent and 6 7  percent . Under the center pivot model 
they became 35 percent and 65 percent . Under the wheel move model they 
became 38 percent and 62 pe r cent respectively . 
6 1  
Labo r 
A summary o f  how o pe rator and family labor and h i red l ab o r  
was used in each pe rio d is g iven i n  Table XIII . Operator and f amily 
labor was no t fully u t i l i zed in the d ryland p lanning mode l . In period 
·six , June 16 to June 3 0 ,  the model used only 153  man-hou rs of operator 
and family labor out of  a to tal of  217  man-ho urs availab l e . In period 
eight , July 16 to July 3 1 ,  only 184 man-hours were re quired from the 
218 availab l e . Pe riod nine , Aug us t  1 to  Au gus t 31 , used 353  man-hours 
of opera to r  and family labo r when 4 35 man-hours we re availab l e .  Th e  
dryland planning model , t here fo re , l e ft 180 man-hours o f  ope ra to r  and 
family labor unused in con t r as t  t o  t he irrigat ion plannin g mo del s  al l 
three of which fully u t il iz ed all o f  the operator and family l abor 
availabl e . 
The d ryland planning model d id no t f ul ly utilize  the full-t ime 
hired man which the farm f irm was assumed to  have availab l e .  In only 
three periods was it nece ssary for t he d ryland mo del to hire l abor in 
addit ion to that provid ed by the h ired man . These periods were pe riod 
five , period seven , and pe riod ten which are June 1 to June 15 , Jul y  1 
to July 15 , and S ep t embe r  1 t o  November 1 5  respect ively . The remainin g  
seven periods le f t  1 , 5 28 man-hours o f  h ired labor availab l e  from t h e  
hired man unused . This was 4 7  pe rcen t o f  the total labor suppl ied b y  
the hired man . The d ryland mode l  required 3 7 1  man-hours o f  h i red labor 
in addi t ion to that suppl ied by the h ired man in the three  periods in 
Wh ich the h ired man was ful ly u t il iz ed .  
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Table XIII.  Labor Requirements b y  Labor Pe riod for the Opt imum Unrest ricted Planning Models 
Planning Model Labor  Periodl 
Ill 112 IJ3 #4 fl5 !16 117 IJ8 {/9 1110 Tot al 
Operator and Family Labor Available 
(Man-Hours of Labor) 450 4 83  3 53 344 218 217  21 7 218 435  541  3 , 4 76  
Hired Labor Available 
7 34 636  392 394 199 198 198 201 4 00 7 68 4 , 120  
Dry land 
Operator and family 450 4 83 353 344 218 153 217  184 353 541 3 , 296 
Hired 314 195 74  175  298  0 311 0 0 700 2 .06 1  
Total 7 64 67 8 4 27 5 19 516 153 528 184 353  1 , 2 41 5 , 363  
Tow Line Irrigation 
Operator and family 450 483 353  344 218 21 7 217 218 4 35 541 3 , 4 76 
Hired 1 1484 11129 2 75 625 473  330 4 70 272  4 38 2 1 325 7 2821 
Total 1 , 934 1 , 612  628 969 691 547 687 490 8 73 2 , 866 11 , 2 9 7 
Center Piyot Irri�ation 
Operator and family 450 483 353 344 218 217 21 7 218 435 541 3 , 476  
Hired 11308 991 203 4 60 3 7 7  7 6  41 6  84 259 2 2148 62322  
Total 1 , 758  1 , 4 74 556 804 595 293 633  3 02 694 2 , 689 9 , 798 
Wheel Move Irrigat ion 
Operator and family 450 483 353 344 218 217 217 218 435 541 3 , 4 76 
Hired 1136'• 1 1039 202 4 81 430  148 4 7 0  7 9 280 2 1198 61691 
Total 1 , 814 1 , 5 2 2 555  825 648 365 687 297 715 2, 739 10 , 167 
1The exac t dates fo r each labor period are given in Table III , page 31 . 
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The t ow  l ine irrigat ion planning model h ired labor in addit ion 
to that suppl ied by the h ired man in all periods except period three , 
April 1 to April 30 , in which 81  pe rcent o f  the labor suppl ied b y  the 
hired man was ut iliz ed.  A to tal o f  4 , 660 man-hours of labor were 
required in addit ion to t hat s upplied by the hired man in the tow line 
11e>del . The center pivot irrigat ion planning model hir2d labor in addi­
tion to the labor av�i lable f rom t he hired man in all periods except 
periods three , six , eight , and nine . These pe riods were April 1 to 
64 
April 30 , June 16 to June 3 0 , July 1 6  to July 31 , and Au gus t  1 to Augus t  
31 respectively . A total 3 ,4 64 man-hours of  labor were req ui red in 
addition to that supplied by the h ired man . In the four periods not 
requiring addit ional l abor a t o tal of 622 man-hours of  l abor was util ized 
which is 63 percent o f  what was s uppl ied by the h ired man .  Th e  wheel 
llOVe irrigation plann ing �odel , l ike the center pivo t mode l , h ired labor 
in addition to the labor  available from the h ired man in all periods 
except three , s ix ,  eight , and nine . A tot al o f  3 , 74 6  man-hours o f  l abor 
was required in addit ion to t ha t  s uppl ied by the hired man . In the four 
periods no t requiring addit ional l abor a total of 7 09 man-hours of labor 
was utilized which was 72  pe rcent o f  what was supplied b y  the hired man 
in those four periods . The total labo r requirement for the dryland 
aodel was 5 , 363 man-hours . This requirement increased by 111 percen t , 
8 3 percent , and 90 percent for the tow l ine , center pivo t , and wheel 
move i rrigat ion planning models respect ively . The assumed full-t ime 
hired man was not fully u t il ized in any o f  the . four planning model s . H e  
was 47 percent utili zed i n  the d ryland model , 9 8  percent ut ili zed i n  the 
tow line model 8 9  percen t u tilized in the center pivot model , and 91 
percent ut il iz ed in the wheel move model . 
Capital Requirements 
Tab le XIV gives the individual capital requirements , the total 
annual capital requirements , and the total capital requirement s  for 
the pl nning models cons idered . As all four planning model s  we re heavily 
oriented toward l ivestock feed ing activit ies the larges t component of the 
total annual capital requirement was the capital required for t he pur­
chase of l iv s tock . Livestock p urchases amounted to 6 0 . 5 pe rcent , 52 . 0  
percent , 51 . 7  pe rcent , and 53 . 0  p ercent o f  the total annual cap ital 
requirement for the d ryl and , the tow l ine , the center pivo t , and the 
wheel move planning models respe ct ively. 
The total annual capit al requirement for the dryland planning 
llOdel was $164 , 4 79 , $501 , 3 49 fo r the tow l ine plann ing model , $4 6 6 , 83 8  
for the center pivo t model , and $4 5 9 , 63 2  for the wheel move p lanning 
a>del . This represented an inc rease o f  2 05 percent , 184 percen t , and 
179 percent ove r the d ryland requirement for t he tow l ine , center p ivo t , 
and wheel move models respe c t ively . Al l  components of  t he annual capital 
requirement increas ed with the adoption o f  irripation with the t ow l i ne 
model ' s  requirement s  inc reas in g  the most  followed by the wheel move and 
the center pivo t sys tems in that o rder except for irrigation sys tem 
capital and ir�i gat ion operat ing c apital . Irrigat ion sys t em and irri ga­
tion operat ing capi t al requirement s were the great est fo r the center 
pivot system fol lowed by the tow l ine and the wheel move systems respec­
t ively . Th is o rder resulted , in part , from the d i f fe rence in total 
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Table XIV . Capital Requirements for the Optimum Un res t ricted Planning Models 
Capital 
Annual operating capital 
Period 2 operat ing capital 
Livestock f 1cility capital 
Livestock animal capital 
Crop machinery capital 
Irrigation operating capital 
Irrigat ion system capital 
TOTAL ANNUAL CAPITAL 
Land Capital : 
Dry land 
Irrigable 
Pas ture 
TOTAL LAND CAP! TAL 
TOTAL CAPITAL REQUIRED 
Dry land 
$ 24 , 68 8  
4 , 81 2  
2 0 , 7 7 3 
9 9 , 60 1  
14 , 6 05 
$164 , 4 79 
' $1 65 , 000 
2 0, 00 0  
$185 , 000 
$349 .. 4 7 9  
Tow Line Center Pivot 
Irrigation I r ri gat ion 
$ 63 , 4 3 2  $ 5 6 , 54 5  
1 0 , 34 1  9 , 4 04 
56 , 372  50 , 82 2  
260 , 7 2 0  2 3 6 , 711  
1 8 , 999 1 7 , 4 3 1  
1 9 , 2 43 2 1 , 67 1  
7 2 , 24 2  7 4 ,254 
$501 , 349 $4 66 , 83 8  
$ 2 8 , 2 00 $ 63 , 45 0  
168 , 7 2 0  125 , 2 45 
20 , 000 -1.2._iOOO 
$21 6 , 92 0  $208 . 695 
$71 8 , 269 $675 , 533  
Wheel Move 
Irrigat ion 
$ 5 7 , 92 4  
9 , 7 07 
51 , 6 6 9  
243 , 65 7  
1 7 , 6 39 
1 8 , 4 60 
60 , 5 7 6  
$45 9 , 6 32 
$ 5 9 , 400 
1 3 0 , 2 40  
2 0 , 000 
$ 2 09 , 6 40 
$669 , 2 7 2  
('I\ 
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irrigation cos ts pe r  ac re irrigated whi ch was $141 . 69 pe r irrigated ac re 
for the center pivot  sys t em , $112 . 38 per irrigated acre for the wheel 
mov sys tem , and $100 . 31 per irri gated acre for the tow l ine syst em .  
Because the tow line mo del irrigated 912 acres as compared t o  the wheel 
move model ' s  704 acres , the tow line system st ill required a g reater 
to tal irriga tion capital expendi ture than did the wheel move i rrigat ion 
model . The center pivo t planning model irrigated 67 7 acres . 
The fixed investment in land ac counted for 52 . 9  percent o f  the 
total required capital in the d ryland planning model , 3 0 . 2 percent o f  
the to tal required cap it al in the tow l ine irrigat ion p lannin g mode l , 
30 . 9 percent o f  the to tal required c api tal in the center p ivo t irrigation 
planning model , and 3 1 . 3 percent o f  the total re quired cap ital in the 
wheel move irrigat ion planning model . 
Summary o f  Expenses 
A breakdown of the individual expense componen ts in the four 
planning models be ing cons ide red are presented in Tabl e  XV . 11le t ot al 
crop and livestock e xpenses for the d ryland p l ann ing model were $152 , 33 8 .  
With the addi t ion o f  i rrigat ion the to tal c rop and l ivestock expenses 
increased to $4 86 , 1 3 6  fo r the tow l ine i rr i gat ion planning model , to 
$448 , 7 95 for the center pivo t irri gation planning model , and to $4 61 , 5 64 
for the wheel move irrigation pl anning model . The purchase o f livestock 
made up the greatest percentage o f  the total expenses in all four plan­
ning models .  The total l ives tock e xpenses for  the dryland model were 
$134 ,031 . The addition o f  irrigation increased the total l ives tock 
Tab le 'X!V .  Sunmary of Expenses for the Opt imum Unrest ricted Planning Models 
Expenses Dryland Tow Line Center Pivot Wheel Move 
I r rigat ion Irri gat ion Irrigat ion 
Livestock 
Purchase livestock $1 14 , 420  $3 76 , 901 $34 4 , 82 5  $359 , 65 3  
Operat ing expenses 1 5 , 894 51 , 12 2  4 5 , 8 93  4 6 , 306 
Insurance and taxes 3 , 71 7 1 0 ,43 3 9 ,4 9 7  9 , 819 
TOTAL LIVESTOCK EXPENSES $134 , 03 1  $4 38 , 45 6  $4 00 , 2 1 5  $41 5 , 7 7 8  
Crops 
Dryland operating $ 7 , 484 $ 1 , 329 $ 2 , 6 4 7  $ 2 , 5 24 
I rrigat ion operating - - - 1 9 ,  748 19 , 9 1 8  1 7  , 1 3 1  
Total variable expenses $ 7 ,4 84 $ 2 1 , 0 7 7  $ 2 2 , 5 65 $ 1 9 , 655 
Dryland . fert ilizer $ 7 , 854 $ 2 , 65 2  $ 3 , 74 0  $ 3 , 6 2 6  
Irrigat ion fert ilizer - - - 1 5 ,93 4 1 3 , 710 14 ,121  
Total fer�ilizer expenses $ 7 , 854 $ 18 , 58 6  $ 1 7 , 4 5 0  $ 1 7 , 74 7  
Machinery insurance 
and taxes $ 68 3 $ 7 1 9  $ 698 $ 7 01 
Irrigat ion insurance 
and truces - - 2 , 808 3 ,  7 94 3 , 5 1 9  
Crop inaurance 2 ,286 4 ,490 4 , 0 7 3  4 , 1 6 4  
Total insurance and taxes $ 2 , 9 6 9  $ 8 , 01 7  $ 8 , 5 65 $ 8 , 384 
TOTAL CROP EXPENSES $ 1 8 ,  30 7 $ 4 7 , 680 $ 48 , 580 $ 4 5 , 7 8 6  
TOTAL HIRED LABOR EXPENSES $ 4 , 134  $ 15 , 642  $ 1 2 , 642  $ 1 3 , 38 0  
°' 00 
Table xv. (continued ) 
Expenses Dry land 
Deprec iation 
Crop machinery $ 2 , 410 
Livestock f a c i l ity 4 , 259  
Irrigat ion system ---
TOTAL DEPRECIATION $ 6 , 6 6 9  
Interest 
Annual operat ing $ 1 , 9 75  
Period 2 operating 192 
Live s tock fac i l ity 1 , 350 
Live:stock animal 7 ,968 
Crop machinery 1 , 168 
Ir rigat ion operat ing ---
Irrigation system ---
TOTAL INTEREST $ 12 , 65 3  
TOTAL EXPENSES $17 5 , 794 
Tow Line 
Irrigation 
$ 2 , 65 7  
11 , 102 
9 , 190 
$ 2 2 , 949  
$ 5 , 074 
414 
3 , 664 
2 0 , 858 
1 , 5 20  
1 , 5 39  
s ,  7 7 9  
$ 3 8 , 848 
$563 , 5 7 5  
Center Pivot 
I rrigat ion 
$ 2 , 552  
10 , 02 3  
9 ,362 
$ 21 , 93 7  
$ 4 , 524 
3 76 
3 , 303 
18 , 93 7  
1 , 394 
1 , 7 34 
5 , 940 
$ 3 6 , 2 08 
$519 , 582 
Wheel Move 
Irrigat ion 
$ 2 , 568 
10 , 2 1 6  
7, 706 
$ 2 0 , 4 90 
$ 4 , 634 
388 
3 , 358  
19 , 4 92  
1 , 411  
1 , 4 7 7  
- - 4 ' 81t 6 
$ 35 .. 606 
$531 , 040  
a-. '° 
70 
expenses by $3 04 , 4 2 5 , by $266 , 184 , and by $ 281 , 747 over t hat of t he d ry­
land model for the tow l ine , center pivot , and wheel move irrigation 
llOdels respect ively . 
To t 1 dryland c rop expenses amounted to $18 , 307 . Th e  use o f 
irrigat ion incr ased thes e by 1 60 percent ( tow l ine ) , 165 pe rcent 
(center pivo t ) , and 150 pe rcent (wheel move) . nte maj or component s  making 
up this increas e were the t o t al variable expenses and the fertilizer 
exp nses . The· use o f  irrigat ion inc reased the total variab l e  expenses 
by 182 percent , 202 pe rcent , and 163 pe rcent over that of the d rylan d  
model for the tow line , center pivot , and wheel move models respec t ive ly . 
Du to the subs t anti 1 increa se in fertilizer requirements ac�omp nying 
the use of irri gat ion , the fert ilizer expenses increased 1 3 7  percent , 
122 percent , and 126 percent over the $7 , 854  d ryland fertilize r  expense 
for the tow line model , the cen te r  pivot model , and the wheel move 
•odel respect ively . 
Hired 1 bo r expense s inc reased from the d ryland model ' s  require­
ments by 278 pe rcent fo r the t ow l ine model , by 2 06 percen t for the 
center pivo t  100de l ,  and by 2 24 percent for the wheel move model . The 
addit ional labor expenses can b e  attributed , in part , to four s i gn i ficant 
changes in ac t ivities whi ch include the increased feeding ope rat ions ,  a 
third hay crop , addit ional l abor requirements for irrigat ion , and the 
increased yields from irrigat ion which re quired addit ional lab or for 
harvest ing . 
Depreciat ion expenses were significantly increased by the 
adoption of irriga tion .  The dryland planning model prod uced a tot al 
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d preciation char ge of $6 , 66 9  as compared to $22 , 949  for the tow l ine 
.odel , $21 , 93 7 fo r the center pivot model , and $ 20 , 4 90 fo r the whee l  move 
1IOd 1 .  Livestock facil ity deprec iation and irrigat ion sys t em deprecia­
tion (where required ) made up t he greatest part o f  the depreciat ion 
expenses account ing for 64 percent , 88 pe rcent , 88 percent , and 8 7  percent  
of the to tal deprec iation charges for  the dryland , the tow l ine , t he 
center pivot , and the wheel move models in that order. 
Interest expens es increased from $1 2 , 653  (dryland ) to $3 8 , 8 48 
(to l ine ) , $36 , 208 (center pivot ) ,  and $3 5 , 606 (wheel move ) . This was 
n increas e ove r the d ryland interest charges o f  2 0 7  percen t , 186 percent , 
and 181 percent for the tow l ine , cen ter pivot , and wheel move model s  
respec tively .  The component s  making up the large t amount o f  these 
interest charges we re the l ivestock animal and l ives tock f acil ity 
interest char ges re f lectin g  t he increase in feeding ctivi t ies b rought 
about through the use of irri ga tion . Of the total increas e in intere s t  
charges over those o f  the dryland model caus ed b y  the addit ion o f  irriga­
tion ,  28  percent ,  3 2  percent , and 2 8  percent was due to interest  charged 
on irrigation operat ing and irrigat ion system expend itures fo r the tow 
line , center pivo t , and wheel move models respect ively . 
Financial Statement s  
Table XV I  provides a s ummary o f  the operating statement s  and 
comparison o f  returns to the fou r plann ing models being cons idered .  
Total enterprise returns amo un ted t o  $20 , 02 7  f? r the d ryland planning 
model ,  $35 9 4 50 fo r the t ow l ine irrigat ion planning model , $25 , 7 15 fo r 
Tabla XVI . Operating S tatemen ts fo r the Optimum Unres t ric ted Planning Model s  
GROSS INCOME 
Exp cm� 
Live s t oc k  
Crop s 
Item 
H ired labor 
Dep·cecia tion 
Int erest 
To tal expenses 
ENTERPRIS E  RETURNS 
Overhead expenses1 
Non-a llocated cos ts 
Int ere st on land 
Land taxes 
To tal overhead expenses 
RETURNS TO LAB OR AND 
FARM MANAGEMENT 
Dry land 
$19 5 , 821 
$1 34 , 031 
18 , 307 
4 , 1 34 
6 , 669 
1 2 ,653 
$1 75 , 7 94 
$ 2 0 ,027  
$ 1 , 9 75  
1 2 , 950  
2 , 7 7 5  
$
-
17 , 7 00 
$ 2 .. 327 
1see Appendix E,  Tables I I  and III . 
Tow Line Cen ter Pivo t Wheel Move 
Irrigat ion I rrigat ion I rrigat ion 
$59 9 , 025 $545 , 2 97 $563 , 864 
$4 38 , 456 $400 , 215 $4 1 5 , 7 78 
4 7 , 680 48 , 580 45 , 7 86 
15 , 642  12 , 642  1 3 , 380 
22 , 949  21 , 93 7 20 ,490  
38 ,848  3 6 ,208 3 5 ,606 
$563 , 5 7 5  $519 , 582  $5 31 , 040  
$ 35 , 450 $ 25 , 715 $ 3 2 , 824  
$ 1 , 975  $ 1 , 975 $ 1 , 975 
15 , 184 14 , 6 09 14 , 6 75  
3 ,254 3 ,131 3 ,145 
$ 20 , 413 $ 19 , 7 15 $ 19 , 7 95 
$ 15 , 03 7  $ 6 � 000 $ 1 3 , 029  
...... 
N 
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the center pivot irrigation p lann ing model , and $32 , 824 for the wh el 
11e>ve irriga tion plann in g model . This reflecte an inc rease in re t urns 
from the d ryland model o f  7 7  percen t for t he tow l ine s ys t em , o f  2 8  pe r­
cent for the center pivo t  sys tem, and o f  64 percent f o r  the wheel move 
system. The ent erpr is e �et urns f i gures were the returns availab le to 
cover non-alloc ated or overhead cos t s  not cons idered in the plann in g 
models direc tly . Thes e  cos ts t o t aled $1 7 , 700 , $2 0 , 4 1 3 , $19 , 7 15 , and 
$19 , 7 95 for the d ryl and , t he t ow l ine , the c ente r  p ivo t , and the wheel 
1DOVe models respe c t ively . The gr�a tes t pe r cent a ge o f  t hese cos ts was 
aade up o f  the int e re s t  cha� ge again s t  l and wh ich ac co un t ed for 7 3  pe r 
cent of the ove rhead cos ts for t he dryl and model and 7 4  pe rce n �  o f  the . 
overhead costs fo r the th re e i rr i g at ion mode l s . !he final re turns t o  
farm mangement and ope rato r and family labor was $2 , 3 27 (dryland ) , $1 5 , 03 7  
( tow line) , $6 , 000 (cen ter pivo t ) ,  and $13 , 029  (whee l move ) which wa 
the remainder aft e r  deduc t ion from the enterprise ret urns of non­
allocated and ove rhead cos t s  not spec i fic ally ac co unt ed for in the p lan­
ning models . The re turns t o man agemen t and labo r inc reas ed over t hose 
o f the dryland planning model by 54 6 p ercent fo·r the t ow l ine mod�l j  by 
158 percent for the cente r pivot model , and b y  460 pe rcent for the wheel 
11eve model . 
From Table I I I , page 31  o f  t hi s study , each planning mode l had 
3 ,476 man-ho urs of operato r and family labor and 900 man-hours o f  over­
head labor for which some char ge must be made ag ainst the ent e rp rise 
returns . This amounted t o  a t o tal of 4 , 376  man-hours o f  lab o r o The 
dryland model al lo�ed the o pe ra t o r  t o  charge 53  cent s  per man-hour foL 
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this labor with no re t urns t o  m anagement .  The tow l ine irrigat ion model 
allowed the opera t o r  t o  cha rge $2 . 00 pe r man-hour for t his lab o r , which 
was equal to the cha r ge fo r h ired labor , and s t ill had a ret u rn  t o  mana ge­
aent o f  $ 6 , 284 . The cen t e r  pivot irri gat ion model allowed t he o pe rator 
to charge $1 . 3 7  pe r hou r for t h is labor with no re turns to mana gemen t . 
The wheel move i rri gat ion model al lowed the operator t o  charge S 2 . 00 pe r 
hour fo r this l abor which l e f t  a return to management o f  $4 , 2 7 7 . 
Summary 
The mos t  rend ily apparen t res ul t in the o p t imum ente rpr ise com­
b ination s  of the four plann in g m o d e l s  c ons ide red here was the degree to 
which ca t tle feeding o pe rat ions d ominat ed al l as pec t s of the en t e rp rise 
mixes of  each model . Th is predomin ance was ref lected five ways . Crop 
produc t ion was used ent i rely to support the feeding o perat ions . The 
larges t port ion of  t o t al annual c api t a l  requirements was made u p  o f  l ive ­
stock animal and l ives t o ck facil ity cap i t al . The greate s t  expense s to 
the firm were l ive s t o ck e xpen ses . rhe sole s ource o f  gro s s  income t o 
the firm was from l i ves t ocl� in a l l  four models . The pe r-pe r io d  lab o r  
requi remen t s  n at ural ly re fl ected  this c attle  feeding orien tat ion , al so . 
The appl icat ion o f  i rrig at ion allowed the firm in al l cas e s , 
through subs tan t ial ly in crea s e d  c rop p ro duct ion , t o  support a s ign i f i ­
cantly larger feeding o pe ra t ion than that pos s ib le f o r  the d ryland farm 
firm. All l ive s tock in al l i rrig at ion model s we re purchas ed whe reas the 
dryland firm supported a small b ee f c ow and calf  operat ion . Thi s  was , -
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in all probab ility , done more t o  u t ilize unused labor than t o  supply 
needed animals to the firm. The d ryland f i rm  fell hort of full u t il iza­
tion o f it s labor resource . It used 95 pe rcent o f  the availab le opera t o r  
and family labor and only 4 7 pe rcen t of the labor availab l e from t he 
hired man . The addi t ion o f  i rr igat ion great ly improved t he ut il i z a t ion 
of labo r in al l three mo de l s .  All o f  the available o pe rato r an d  family 
labor was used and 98 pe rcent , 8 9  percent , and 91 percent o f  the hired 
man ' s labor for t he tow l ine , c ente r p ivot , and wheel move models 
respect ively . 
Also of in terest was that the f i rms u s iLlg the two mos t cap ital 
intensive ir ri ga t ion s ys t ems , the center p ivo t  sy s t em and the whee l 
move syst em ,  ma�imlz ed ne t retu rns at i rrigat ed ac reages less than tha t  
phys ical y poss ible . Out o f the t o t al 960 acres l imit pl aced on i rr i ­
gated acrea ge i n  all mo del s , t h e  cente r pivo t system could h ave ph ys i ­
cally ir rigated a maximum o f  8 2 8  ac res and t he wheel move a maximum o f  
924 acres . The tow line sys t em ( the most labo r l n t et s ive o f  t h e  three 
systems ) could have irri ga ted , and d id ii:-ri. ga te , a maximum o f  91:_2 acres 
out of the 960 acres l imi t .  The opt imum center p ivo t mo del max imi zed 
net returns to the f i nn  a t an i rr ig at ed acrea.ge o f  67 7 acre s  and t he 
optimum wheel move mod e l  a t  704 acres . Th is was due p r ima rily to t h e  
capi tal int ens i t ies o f  t h e s e  two s ys t ems . A s  examined in detail i n  
Chapter 6, opt imum net retun1s t o  t he f irm were forthcom ing f rom the 
uti liz at ion o f irrigat ion in the support o f  h i gh marginal re t urns p ro ­
ducing cattle feeding o pe rat ions . Ca t tle feeding en terprises we re also 
the mo s t  capi t al intens i�e o f  the enterprise choices in the model . 
Th refore , the use of relat ively c apit al lntens iv� irrigat ion sys t ems in 
upport of  capital in tensive ent e rp rises led t o  ir rigat ion 1 vels s ub-
1tant i lly b low the maximum level poss ible . Chapter 6 de ls with the 
intric cies of the causes o f  he s re duced irrigation level s in much 
greater d tai • 
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Introduc tion 
Chapter 5 
ANALYS IS AND CO!IPARI SON OF THE TOW LINE 
I RRIGAT ION P LANNING MODEL UNDER 
VARYING DEGREES OF LABOR 
RESTRI CTIONS 
The purpos e o f  the nex t  t hree chapters is to compare and con t ra s t  
the optimum farm firm en terprise mixes resul t ing f rom t h e  appl icat ion o f  
three dif ferent i rrigat ion sys t ems w i t h  the d ryl&nd f a rm  f i rm und e r  vary-
ing de grees o f  labor res t rictions . The first i rrigat ion s ys t em t o  be 
considered was the tow l ine fo llowed by the center pivot sys t em and the 
wheel move sys t em in that o rder . 
Three degrees o f  l abor res t rict ivenes s  were app l ied to the 
model under each of the three i rrigat ion s ys t ems . The first degree o f  
labor res t ric t ivenes s was that o f  having no h i red l abor availab le to 
the firm . In e ffec t , this meant t hat the only source o f  labor availab le 
to the firm was the o pe rato r and h is famil y .  The second degree o f  labor 
res tric t iveness was that of al lowing t he firm to have availab le , in 
addit ion to the operator and f amily l abor , a l imited amo unt o f  h ired 
labor . The source of the h i red l ab o r  suppl ied t o  the firm consist ed o f 
one full-t ime h i red man p l us a spe c i f ic amount o f  labor assumed avail­
able for hire f rom outs id e  t he f a nn  firm but f rom within the s t udy are a .  
Append ix A provides a bet t e r  unde rs t anding o f  t he exac t p ro cedures u s e d  
in arriving a t  th is par t � cula r  res tr ic t ion ; Ta?le I I I , page 3 1  o f  t h i s  
s tudy gives t h e  exa ct numbe r  o f  man-hours o f  h ired labor ass umed avail-
able to the fi rm in each l abor pe riod . The third degree o f  res t ri ct iveness 
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placed on the availability o f  labor was that of no supply restriction at 
all . This st ge assumed that the firm would be able to ob t ain all the 
labor it required (at $ 2 . 00 per man-hour) to maximize its let ret urns . 
7 8  
Coupled with all three levels o f  labor restrictions was the 
assumption that the firm had an unlimited supply of available  capital . 
Thia was intended to make the labor restriction the most  significant 
reatriction to the maximization of net returns to the firm . This chapter 
analyzes the tow line irrigation planning model under the bove three 
degr es of labor res trict iveness .  
Land Use Plans 
The optimum land use activities established through l inear 
programming processes for the three planning models considered here are 
presented in Table XVI I .  The total acreage planted to each crop as well 
as the t o t a l  produc tion for �ach crop are both given in Table XVII I . 
Table XIX separates the total production o f  each crop grown unde r d ry­
land conditions , under irrigation , and whether the product ion was sold 
o r  fed to livestock . The immediately apparent variation observed in the 
comparison o f  the firm under conditions o f  restricted availab le labor  
as opposed to unrest ricted available labor was the significant port ion 
of crop production which was sold rather than fed . Under both degrees of  
labor restric tions the total production o f  both wheat and o f  barley was 
sold rather than fed . The restriction of the amount o f  labor available 
to the firm at both levels prevented the convers ion of any part o f  the 
corn harvest into corn s ilage .  Instead , approximately 66 percent 
of the corn harves t  was sold in both cases . With only operator and 
Table XVII . Land Use Plans for the Opt im\ft Tow Line Irrigat ion Planning Model Under Varying De grees 
o f  Labor Res t rict ions 
Ac tivit ies Unit No Hi re d Labo r  Res t ricted Hi re d  Unre s t r i c t e d  
Lab o r  Lab o r  
Dryland �raps 
Class I Land 
Co rn Acre 0 0 0 
Whea t Acre 1 05 0 0 
Barley Ac re 2 5 0  156 125  
Cla s s  I I  Land 
B arley Acre 0 7 9  0 
Al f alfa Ac re 0 0 63 
TOTAL DRY LAND ACRES Acre 3 5 5  2 3 5  1 88 
Pas ture 
Nat ive Acre 1 7 7 0 1 35 
Improved Ac re 2 8 2  3 2 0  3 2 0  
Irrigat ed Ac re 0 0 0 
TOTAL PASTURE ACRES Ac re 4 5 9  3 2 0  4 5 5  
Ir rigat ed Cro:es 
Co rn Ac re 1 08 385 5 3 2  
Whea t Acre 1 81 350 76 
Barley Acre 0 0 1 2 5 
Al fal fa Acre 5 6  1 30 1 7 9  
TOTAL IRRIGATED ACRES Acre 3 45 8 6 5  9 1 2  
..... 
\0 
Table XVI II . Total Ac reage and Production by Crop fo r the Opt imum Tov Line I rrigat ion Planning Model 
Under Varying Degrees of Labor Res t rict ions 
It em Unit No Hired Labo r Res t ric ted Hired Un rest ric t ed 
Labor Labor 
Total Acres of  CroEs 
Co rn Acre 108 3 85 5 32 
Wheat Acre 28 6 3 5 0  7 6  
Barley Ac re 2 5 0  2 35 2 5 0  
Al fal fa Ac re 56 1 30 2 4 2  
TOTAL ACREAGE Acre 7 00 1 , 1 00 1 , 10 0  
Grain �nd Fora�e Product ion 
Corn Bushel 12 , 894 4 6 , 1 3 9  45 , 3 39 
Co rn s ilage Ton 0 0 0 
Whea t Bushel 1 3 ,064  20 , 14 2  4 , 36 8  
Barley Bushel 1 0 , 000 8 , 915  15 , 1 7 1  
Al fal fa hay 'ron 3 2 1  7 39 1 , 1 04 
00 
0 
Table XIX . Production Technique and Use by Cr.op fo r the Opt imum Tow 
Line Irrigat ion Pl anning Model Under Varyin g  Degrees  of  
Labor Res t ric t ions 
Crop and Model Technigue Use 
(Unit ) Dry land Irrigated Fed Sold 
� (Bushel ) 
No Hired Labo r  0 12 , 8 94 4 , 37 3  8 , 5 2 1  
Restricted H ired Labo r  0 4 6 , 139  15 , 321  3 0 , 818  
Unrestricted Labor 0 4 5 , 339 4 5 , 339 0 
Corn Silage (Ton ) 
No Hired Labor  0 0 0 0 
Restricted Hired Labor 0 0 0 0 
Unrestricted Labor 0 3 ,071  3 , 0 7 1  0 
Wheat (Bushel )  
No Hired Labor 2 , 625 10 , 4 3 9  0 1 3 , 064 
Restricted Hired Lab o r  0 2 0 , 142 0 2 0 , 14 2  
Unrestricted Labor 0 4 , 368 4 , 368 0 
Barlel (Bushel ) 
No Hired Labor 10 ,000 0 0 10 , 00 0  
Restricted H ired Labor 8 , 915  0 0 8 , 9 15 
Unrestricted Lab o r  5 , 000 10 , 171 15 , 1 71 0 
Alfalfa Ha:i (Ton ) 
No Hired Labor 0 321  321  0 
Restricted Hired Labo r  0 7 39 638 1 01 
Unrestricted Labor 88 1 , 016 1 , 104 0 
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family labo r available  to the firm , 100 percen t of the al fal fa produc t ion 
was fed to livestock . When l imi ted h ired l abo r was made availab l e , 14 
percent of the al fal f a  product ion was sold . The sale o f  part o f  the 
alfalfa prod uct ion wo ul d  ind icate that because of the pe r-pe riod al loca­
tion of available h i red lab o r  i t  was mo re pro fitab le to the f i rm  to  
raise alfal fa in  excess of  that  requi red f or l ivest ock feeding pu rposes . 
Also readily appa ren t when labo r availab il ity was re s t ri cted to  
the operator and his  family and compared to  the  model in which l imited 
hired labor was available was the d ras t i c  dec rease in the to tal pro duct ion 
of corn , whea t ,  and al fal fa . Co rn product ion decreased by 7 3  p e rcent , 
wheat product ion dec reased by 35  pe rcent , and al fal fa produc t ion 
decreased by 52 pe rcent . Ba rley p roduct ion increased , howeve r ,  by  1 1  
percent in response t o  a two pe rcent inc rease i n  the amount o f  total  
available cropland plan ted t o  barley . A s igni ficant reason for this 
variat ion in crop prod uc t ion was the 4 00 acres o f  cropland le f t  unused 
under the most seve re labo r res t r ict ion . O f  interest here was t he 8 00 
bushel increase in irrigated corn p roduct ion on 147  fewe r acres unde r 
the l imited h i red lab o r  model as compared t o  the unrest ric ted l abor  
model . Th is wo uld appear t o  ind icate more int ens ive f arming o f  Clas s I 
cropland for ir ri gated corn when only l imited h ired labor was avail ab le 
to the firm. This , in t urn ,  would s eem to ind icate a rel a t ive ly h i gh 
marginal return to  the f i rm f rom an acre o f  i r r igated co rn unde r condi­
t ions o f  l imited h i red labo r availab il ity . 
Table XX p res ent s  the l and use plans ' for all three mo de ls as 
percentages of t he total available c ropland planted to each part i cular 
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Table XX .  Crop and Pas t ure Plans a s  Percentnges o f  To tal land Available 
for Each Use : Opt imum Tow Li�e Ir ri gat ion Planning Model 
Und r Varying .grees of Labo �  Ues t r ic t ions 
Land Type Uae 10 H i red Labo r Res t ri.c ted Un ·es tricted 
Hired Labor Labor 
Cro2land 
Corn 10% 35% 48% 
Whea t 26% 32% 1% 
Barley 23% 21% 23% 
Alfalfa 5% 12%  .... 2 %  
Unused 3 6% 0% 0% 
Total 100% 1 00% 100% 
a, ture 
Nat ive 3 8% 0% 
29% 
Improved 61% 70% 
7 0% 
Irriga ted 0% 0% 
0% 
Unused 1 %  30% 
1% 
-
To tal 1 00% 1 00% 
100% 
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crop and the percent ages of t o tal availab l e  pas t ure l and u t i l ized as 
either native pas ure , impro ved nat ive pasture , or as irrigated past ure . 
An important item here was the inab ility of the planning model under the 
90St severe of the three labo r  res t ric t ions t o  ful ly u t il i z e  the maximum 
1 , 100 acres o f  c ro pland availab le to it . Under these condi t ions 400 
acres , or 36 percent , o f  t he t o tal available c ropland was untJS ed . Of 
equal importance here was the s i gn i f icant increase in the total acrea ge 
planted to whe at as the labor supply be came t i ghte r .  Comp ared t o  the 
•even percen t of total available c ropland planted to wheat when the labor 
supply wa s  unl imit ed , res t ri c t ing t he labo r supply t o  l imi ted h ired l abor 
increased the pe rcent a ge t o  3 2  percent of the total c ro pl and availab l e . 
Restricting the labor s upply f u rther to only operator and f amily l ab o r  
reduced this pe rcentage t o  2 6  pe rcent . However ,  t h is 26  pe rcent o f  t o t al 
cropland available plan t ed t o  whea t under the mos t  s evere abo r  re s t ric­
t ion was 41 percent of the total cropland ac tual ly planted to crops of 
all types .  The re appeared t o  b e  a t rend t oward plant ing whe at t o  con­
serve labor as l abor s uppl ies be came smal le r and smaller . The pe rcen t ­
ages of to tal available c ropland planted t o  a l l  o ther c ro ps d e c re ased 
when labor was res t ri c t ed . 
All corn a c re age in a ll three models was irrigat ed . All b arley 
was grown . under d ryland c ond i t ions for the labor rest ric ted mo del s , 
whereas the unrest ric t e d  l abor mo del i rrigated 50 percent o f it s t o t al 
barley acreage . Twenty-six percent o f  the unl imited labo r model ' s  
alfalfa ac rea ge was non-i rrigated a c reage whereas in the two res t rict ed 
labor models 100 pe rcent o f  t he al fal f a  acrea ge was irrigated . Th i s  
seemingly indicated a rel a t ively h i gh marginal return t o  t h e  f i rm  f o r  a 
n-bour o f  labo r expended on irrigating alfalfa under condit ions of 
restricted labor availab ility.  Al l wheat acreage was irrigated except 
wb re only operat or and f amily labor was available to the firm. Unde r 
these condi tion s the non-availability o f  labor allowed only 63 percent 
of the to tal wheat acrea ge to be irrigated . The total irri gated a crea ge 
decreased sign i fi cantly as l abor became more scarce . With unrestricted 
labor 83 percent o f  the total cropland planted was irrigated . This 
percentage decreased to 79  percent when !. imited hired labor was avail­
able to the firm and to 49 percent when only operator and family l abor  
wa s  vailable to  the fi rm .  
Virtually full usage of  available past ure land was accomplished 
under bo th the model hav ing the least  severe labor res t rict ion and the 
model having the mos t severe l abor rest rict ion . Both models left  only 
approximately one pe rcent o f  the to t al available pasture land unused . 
The limited hired labor mo del , however , left 3 0  percent o f  the total 
avai lable pas ture land unused . Th is was caused at leas t in part by  
sufficient labor being available to  improve the max imtun number of  native 
pas ture acres allowable  for the model , 3 2 0  acres , together with a 
sufficien t  decreas e  in the to tal numbe r o f  l ivestock units s uppor te d  
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b y  the firm f rom the number  supported by the unrest ricted labor model . 
This permit ted the tot al past ure requirement to  be  met without having to 
utiliz e nat ive pas t ure . When l abor was unlimited the total number o f  
lives tock units supported b y  the firm was great enou gh to  re quire 1 3 5  
acres o f  nat ive pas t ure in addition to the maximum allowed acreage o f  
haproved pas ture . When no hired labor was available , there was sufficient  
labor to improve only 282 acres o f  nat ive pas ture land . The remainin g 
pasture requirem n t  o f  the l iveR t ock ent erprises u c il iz ed an addj t io al 
177 acres of unimproved nat ive past ure . 
Livestock Act ivit ies 
The opt imum l ives tock enterp rises for the three planning models 
are shown in Tab le XXI .  This table indicates a dras t ic revis ion o f  the 
opt imum livesto ck ent e rprise mix d ue to the rest ric tion of the amount 
of labor available to each model . With unrest r ic t ed labor and unre­
stricted capit al , the tow l ine ir rigat ion model would support a total 
of 2 , 074 animals o f  which 1 , 3 7 6  h ead were purchased calves and the 
remaining 698 head were pu rchased period two yearling feeders . No b ee f  
cow and cal f ente rprise was maint ained . Of the 1 , 3 76 calves purchased 
678 head were rai s ed to  year ling f eeders in s ix months and sold on April 
15 at 650 pounds . The remaining 69 8 calves were wint ered on a l i ght 
grain ra tion for six months and t rans fer red to drylot in period one 
(April 15 to Oc tobe r  15 )  to be fed out on s ilage rat ion and s o ld for 
•laughter on October 15 . The 6 98 head o f  yearl ing fee�ers purchase d  
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were also fed o u t  o n  silage rat ion in t h e  s ame d rylot act ivity b u t  during 
period two ( Octobe r 1 5  t o  April 1 5 )  and sold for slaughter on April 1 5 . 
When the tow l ine i rrigation model was res t ricted t o  l imi t ed 
hired labor only 942 head o f  calves we re purchased �nd no yearl ing 
feeders were purchased . A b e e f  cow and calf herd o f  26  cow and cal f 
pairs was maintained which s uppl ied the f irm with 19  calves fo r use in 
other ac t ivi ties . Of the 9 6 1  calves available to the firm , 2 0  were fed 
Table XXI . Lives tock Plans fo r the Opt imum Tow Line Irrigation Planning Model Under Varying Degree• 
of Labor Res trict ions 
Livestock Act ivity! 
To tal calves purchased 
To tal yearlings purchased 
Bee f cow uni t : Feeder c al f  sol d , October , 
replacement s  firs t cal f as two-ye ar old  
Feed calves : Buy calves , October , t en 
months in drylo t , no s ilage 
Trans fer calves : Buy calves , . Oc tober , winter 
on li ght grain ration , t rans fe r to d rylo t , 
feed out in Period 1 ,  silage rat ion , sell for 
slaughter . October 
Raise yearling feeders : Buy calves , Oc tober , 
winter on light grain rat ion , sell 650 pound 
feeders , April  
Feed good to choice yearling steer : Buy 650 
pound feeders , Oc tober , feed out in Per io d 2 ,  
s ilage rat ion , sell for slaughter , April 
Unit 
Head 
Head 
Cow­
Ca l f 
Head 
Head 
Head 
Two­
Head 
No Hired 
Labor 
217 
0 
7 5  
0 
0 
271 
0 
Res t ricted Hired 
Labo r  
942 
0 
26 
2 0  
0 
941 
0 
Unres t ricted 
Labor 
1 , 3 7 6  
698 
0 
0 
698 
678 
698 
1The l ives tock act ivities availab le to the model are given in Appendix F ,  Tables I throu gh XI II . 
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ten months i n  d ry l o t  w i t h  n o  s il age rat ion and were s o l d  at 1 , 05 0  pounds . 
The remaining 941 calves were r aised to yearl ing feeders and s o l d  on 
April 15 . 
When the labo r s upply t o  the finn was res t ricted to the maximum 
only 217 calv s were purchased b ut the cow and cal f herd was inc re as ed 
to 75 cow and cal f pai rs . Th is h e rd suppl ied the f i rm  w i t h  5 4  c alves 
for use in other l ives tock ac t ivit ies . Of the to tal 271 an imal s avail­
able to the firm , all we re raised to yearling feeders and sold • . S i gn i f i­
cant in this comparison was the d rast ic decrease in the t o t al numbe r  o f  
livestock uni ts whi ch the mo dels could suppo rt as the labor s upply 
became more and more res t ric ted.  With unrest ricted labo r the model could 
support 2 ,074 livest ock uni t s  whereas under l imited h i red l ab o r  condi­
tions the model suppo rted only 9 68 un its . Th is number dec re a s e d  even 
further when labor was res t ricted to only operator and fam i ly . Unde r 
these condi t ions the model suppo r ted onl y  292 l ivestock unit s . 
The predomin an ce o f  completely feed lot b ased l ives to ck a c t ivit ies 
experienced when unl imited l abor was made available to the f i rm  decl ined 
sharply as labor was res t ri c t ed . With only o perator and family l ab o r  
available t o  the fi rm 1 00 percent o f  the l ivestock un its support ed b y  
the model had a pas ture requirement . When l imited h ired l ab o r  was avail­
able to the firm in addit ion to ope rato r and family l ab o r  93 p e rcen t o f  
the lives tock unit s  s uppo rted by t he model had a pas t ure requi remen t .  
When labor was unres t ric ted , 3 3  pe rcent o f  the l ivestock uni t s  s uppo r t ed 
by the f irm had a pas ture requirement for their full t e rm  on the farm and 
34 percent had a pas t ure requirement for the first half o f  thei r t e rm  on 
the fann . 
Labor 
A summary o f  the us e o f  operator and family labor nd o f  h ired 
labor by the planning models in each of the ten labo r pe riods is given 
in Table XXII . Ope rato r  and fami ly labo r availab l e  t o  the f · rm  was 
fully util ized when unres t ric ted labor was made available to the f i rm  
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and also when limited hired labor was added to the operator and f amily 
labor ava lable to the f i rm . However , when the supply o f  l abor to the 
firm was restrict ed to only tha t  s uppl ied by the operato r and h is family , 
the model u tilized 8 2  percent o f  that labo r .  Only period five ( June 1 
to June 15 , ) , period eight ( July 1 6  to July 3 1 ) , and period ten (Sep­
tember 1 to Novembe r  15 ) u t il iz ed the f ul l  amowit o f  o pe rator and family 
labor available to them . 
When the mo del was l imited t o  rest ric ted h ired labor it was 
necessary t o  hi re labor in addition to that s upplied by the h ired man 
only in period five and in pe riod ten . Period three (April 1 t o  Ap ril 
30) required no hired labor at al l b ut did f ully u t il ize the ope rator 
and family labor available to i t . This model required a total o f  1 , 7 6 6  
man-hours o f  hired labor f rom t he h ired man wh ich was 55 pe rcen t o f  the 
to tal man-hours of labor s uppl ied by h im .  The model required 191 man­
hours o f labo r  in addition to that s upplied b y  the h ired man . 
Where the model was al lowed to d raw labor f rom an unl imited 
labor supply the firm h ired labo r in addit ion to that s uppl ied b y  the 
hired man in all perio ds except pe riod t hree in which 81 percent of the 
labor supplied by the h ired man was used . The '  firm required 3 , 1 6 1  
man-hours o f  labo r f rom the h ired ma n  which was 98 pe rcent o f  the tot al 
Table XXII . Labor Requirements by Labo r Period for the Opt imllll Tow Line Irrigat ion Planning Model 
Under Varying Degrees of Labor Res t rictions 
Planning Model Labor Pe riod1 
Ill 02 113 /14 #5 #6 11 7 #8 #9 fl lO Tot al 
Ope rato r  and Family Labo r  Availab le 
(Man-Hours of Labor )  4 50 48 3 3 53 344 218 217 217 218 4 3 5  5 4 1  3 , 4 7 6 
Hired Labo r  Available 
7 34 636  3 92 394 199 198 1 98 2 01 3 00  7 68 4 , 12 0 
No Hired Labor 
Operato r and family 34 8 3 42 3 2 2  1 3 9  21 8 1 2 8 16 5 218 428  5 4 1  2 , 849 
Hired 0 0 0 0 0 0 0 0 0 0 0 
To tal 34 8 3 42 3 2 2  13 9 218 1 2 8  1 65 218  4 2 8  54 1 2 , 849  
Restr icted Hired Lab or 
Operator and fami ly 450 4 8 3  3 5 3  3 44 2 1 8  2 1 7  2 1 7  218 4 35 5 4 1  3 , 4 7 6  
Hired 235 168 0 7 6  199 101 159 1 03 148  7 68 1 2 9 5 7  
Total 685 65 1 3 5 3  420 4 1 7  31 8  3 7 6 3 21 583 1 , 309 S , 4 3 3  
Unrestricted Labor 
Operat or and family 450 4 8 3  3 5 3  3 44 218 21 7 2 1 7  218 435 541 3 ,4 76 
ffired 1 2484 1 11 29 2 7 5  625 4 73 3 30 4 70 272 4 38 21 32 5 7 1821  
To tal 1 , 934 1 , 6 12 628 969 69l 5 4 7  607  4 90 8 7 3  2 , 866 11 , 2 9 7  
lrhe exact dates for each labo r perio d a re given i n  Table III , page 3 1  
\..:> 
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1110unt upplied by h im .  A tot al o f  4 , 660 man-hours of labor was required 
in addit ion to that supplied by the h ired man . 
Capital Requirements 
Table XXIII gives the individual c apital requirements , the 
total annu 1 capi t al requirements , and the total capital requirements 
for the planning models b eing cons idered . nie dominance o f  the live­
stock enterprises ove r  the o ther en terprises in the firm in all three 
llOdels was indicat ed by the fact that livestock fac il ity and live s tock 
•ni 1 capital requ irements ac count for the greatest port ion of the 
total annual capital requiremen ts . To tal l ivestock capital require-
enta amounted to  $31 7 , 09 2  when unlimited labor was availab le to the 
firm, $98 ,099 when limited h ired labor was available to the f i rm , and 
$48 ,292 when only operator and family labor was available to the firm .  
This accounted for 63 pe rcent , 4 1  percent , end 44 percent o f  the tot al 
annual capit'al requirement s for the unres tric ted labor model , the 
restric ted hired labo r model , and the ope rato r-family labor model respec­
tively . 
The tot al annual capital requirements  for t he model u t i l i z ing 
only operator and family l abor was $1 10 , 605 , $2 39 , 574 for the model 
utilizing limi ted hired l abor ,  and $501 , 349 for the model u tilizin g  
UUl.imited labo r .  This represen ted a decrease o f  5 2  percent f rom the 
to tal annual capi t al requirement of the unrest ricted labor model for the 
limited hired labor model and of 78 percent for the operator and family 
labor model .  Al l  component s  of the t o tal annual capital requi rement s  
Table· XXIII . Capital Requirements for the Opt imt111 Tow Line Irrigat ion Planning Model Under Varying 
Degrees of Labor Rest ric tions 
Capital 
Annual operat ing capi tal 
Period 2 opera ting capital 
Lives tock facility capital 
Livesto ck animal capi tal 
Crop mach inery capi tal 
Ir rigat ion operating capital 
Irrigat ion system cap ital 
TOTAL ANNUAL CAPITAL 
Land Capit.al : 
Dry land 
Irrigable 
Pas ture 
TOTAL LAND CAPI TAL 
TOTAL CAPI TAL REQUIRED 
No Hired Labo r 
$ 1 4 , 7 91 
525 
4 , 193 
4 4  , 09 9 
12 , 6 1 3  
7 , 000 
--1l.i384 
$1 10 , 605 
$1 1 3 , 250 
63 , 825 
20 ,000 
$19 7 , 0 7 5  
� 3 0 7  , 6 8 0  
Res t ricted Hired 
Labor 
$ 3 0 , 903 
4 , 1 80 
1 , 7 98 
8 6 , 301 
2 0 , 05 3  
1 7 ,  7 7 7  
�5 6 2  
$23 9 , 5 7 4  
$ 35 , 2 50 
160 , 025 
20 ,000 
$215 , 2 7 5  
$454 , 849 
Unre s t rict ed 
Labor 
$ 63 , 4 32  
10 , 34 1  
56  , 3 72 
2 6 0 , 7 2 0  
18 , 9 99 
1 9 . 2 43 
_l3_i242 
$501 , 349 
$ 28 , 2 00 
1 6 8 ,  7 2 0  
20,000 
$2 16 , 9 20  
$71 8 11 2 69 
'° 
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increased in 11 cases as labo r became more plent i ful . The only excep­
tion was the crop ma ch inery cap i t al requirement which was greatest for 
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the 110del having l imited hired labo r .  This requirement was $1 , 054 great er 
than tha t o f  the unl imited labor model and re flected , in part , the mo re 
intensive farming of fewe r acres o f  irrigated corn and the s ign i fican t ly 
increased wheat p roduc tion present in the l imi ted hired labor mode l . 
The pe rcentage of the t o t al annual cap i t al requirements devoted 
to irrigation capi t al requirement s , irrigation operat ing cap it al and 
irrigat ion sys t em capit al , varied s ubstant ial ly under d i f fering cond i t ions 
of labor availab il ity account ing for 31 pe rcent , 36 pe rcent , and 18 p er­
cent of the t o t al annual capit al requirement s  fo r the operator and 
family labor mo del , the restrict ed hired labor model , and the unre­
strict ed labo r  model respectively . Tile apparent dee ease in s igni fi­
cance of irrigat ion capital requirements in the caae of the unl imi ted 
labor model d id not re f lect a dec reased emphas is on irrigat ion b ut rathe r 
a subst ant ial increase in total annual capital requirement . Due t o  t he 
overall reduct ion in the intens ivenes s  o f  farming and in the developmen t  
of the lives tock enterprises a s  labor b ecame more and mo re s carce the 
percentage of the total capit al requ irements devo t ed to f ixed land 
investment increased as labor res t ri c t ions b ecame more seve re . The f i xed 
investment for lan d  acco un ted for 64 percent , 47 percent , and 30 p ercen t  
of the total cap i t al requirements f o r  the operato r and family lab o r  
•ode! , the limit e d  h ired labo r model , and t h e  unlimited lab o r  model 
respec tively .  
Sum11ary of 'Expenses 
list ing o f  the individual expense components for the three 
planning mode s cons idered here is presented in Table XXIV . The total 
crop and l ives tock expenses for the plann ing model h aving only o pe rutor 
and family labor available to it  was $60 , 3 7 0 .  When the l abor s upply 
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• increased by adding a l imi ted amount of h ired labor the tat al crop 
and livestock expenses became $20 7 , 06 2 .  Under conditions o f  un rest ricted 
labor and unres t ric t ed capi t al the total c rop and lives tock expenses 
increased ev n furthe r to $48 6 , 13 6 . Tile purchas e  o f  livestock was the 
•ingle greates t expens e in all three models being $35 , 598 , $13 4 , 5 7 2 , and 
$376 ,901 for the operat or and f amily labor model , the res t ricted h ired 
labor model , and the unrest ric ted labor model respec t ively .  
To tal crop expenses increased as mo re labor became availab l e  t o  
the firm but the percent age o f  this t o tal devoted t o  dryland crops 
decreased f�om 35 pe rcent for the operator and f amily labor model to 14 
percent for the l imited hired labor mode l , and ten percent fo r t he 
unlimi ted labo r mode l . These percen ta ges ref lected the sharp n crease in 
irrigat ion due to the inc reased l abor supply and was furthe r ver i fied 
in the decrease of dryland o pe rating expenses and d ryland fertilizer 
expenses as labor avail ab il ity b ec am e  greater and greate r .  In eas ing 
the limited h ired labo r res t ric t ion and allow in g  the model to d raw 
labor from an unl imited l abor supply the hi red labor expense increased 
from $3 , 914 to $ 15 ;642 fo r an increase ove r  the rest rict ed labo r requi re-
1Dent of approximately 300 percent . 
Table XXIV .  Sunmary of Expenses for the Opt imum Tow Line Irrigat ion Planning Model Unde r Varying 
Degrees of Labo r  Rest ric t ions 
Expen ses No Hired Labor Res t ricted Hired Unre s t ricted 
Labor Labo r 
Lives tock 
Purchase lives tock $35 , 598  $154 , 5 7 2 $3 7 6 , 90 1  
Operat ing expenses 2 , 857 6 , 91 8  51 , 12 2  
Ins urance and truces 1 ,4 70 3 , 724 10 ,4 3 3  
TOTAL LIVESTOCK EXPENSES $3 9 , 9 2 5  $165 , 2 14 $4 38 , 4 5 6  
CroE!_ 
Dryland operat ing $ 2 , 5 81 $ 1 , 7 67 $ 1 , 3 29  
Irrigat ion operating 6 , 2 7 3 1 6 , 69 3  1 9 , 74 8  
Total variable expenses $ 8 , 854 $ 1 8 , 4 60 $ 21 , 0 7 7  
Dryland fertil iz er $ 3 , 33 9  $ 2 , 92 3 $ 2 , 6 5 2  
Irrigat ion fer til izer 4 ,5 8 3  12 , 82 3  15 , 9 3 4  
To tal fert ilizer expenses · $ 7 , 9 2 2  $ 15 , 746 $ 1 8 , 586  
}�chinery in su rance and taxes $ 4 6 6  $ 7 34 $ 7 19 
Irriga tion insurance and taxes 1 , 064 2 , 665  2 , 808 
Crop insurance 2 ,1 3 9  4 ,243  4 ,4 9 0  
To tal insurance and t axes $ 3 , 669 $ 7 , 6 42 $ 8 , 01 7  
TOTAL CROP EXPENSES $2 0 , 44 5  $ 41 , 848 $ 4 7 , 680 
TOTAL HIRED LABOR EXPENSES $ 0 $ 3 , 9 14 $ 1 5 , 6 42 
'° 
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Table XXIV. (con t inued ) 
Expenses Np Hired Labo r 
De2reciat icn 
Crop mach inery $ 1 , 65 7 
Lives tock f ac ili ty 1 , 094 
Irrigat ion sys tem 3 , 484 
TOTAL DEPRECIAT ION $ 6 , � 3 5  
Interes t 
Annu al operat ing $ 1 , 18 3 
Period 2 operat ing 21 
Livestock facility 2 7 2  
Lives toc k  animal 3 , 528  
Crop machinery 1 , 009 
Irrigat ion operat ing 560 
Irri ga � ion sys tem __ ) � 1 91 
TOTAL I NTERES T $ 8 , 7 64 
TOTAL EXPENS ES $7 5 , 36 9  
Res t ric ted H ired 
Labo r  
$ 2 , 63 0  
2 , 6 30 
8 ,  7 2 2  
$ 1 3 , 98 2  
$ 2 , 4 7 2  
1 6 7  
7 6 7 
6 , 90 4  
1 , 6 04 
1 , 4 2 2  
__ s_,A_ss 
$ 1 8 , 8 21 
$24 3 » 7 7 9  
Unre s t ricted 
Labo r  
$ 2 , 65 7  
1 1 , 102 
9 ,1 90 
$ 2 2 , 94 9  
$ 5 , 0 7 4  
414 
3 , 6 64 
2 0 , 85 8  
1 , 52 0 
1 , 5 39  
s ,  7 7 9  
$ 3 8 . 848 
$563 , 5 75 
\0 
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All components compri s ing the total dep rec ia t ion expense for 
all three models increased as the amount of labo r a ailab l e  to the firm 
increased with the mos t d ras t ic increase be ing in l ives tock facil ity 
depreciation . This re f lected b o th the decre ase in the total numb e r  o f  
livestock uni ts supported by the firm as l abor was rest ric ted and the 
decreas ed dominance o f  s t ric t ly feed lot based l ives tock ente rp ris es 
in the models as labo r became scarce . Livestock f acil ity depre ciat ion 
expenses accounted fo r approximately 18 percent o f  the to tal depre cia­
tion expenses to the f i rm  in both res t ric ted labor models and for 
approximately 48 percen t in the unres t ric ted labor model . 
To tal in teres t e xpenses inc reased from $8 , 7 64 for the operator 
and family labor model to $18 , 821 fo r the l imited hi.red labor model 
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and t o  $38 ,848 fo r the unres t ric t ed labor model . All components com­
pris ing the total in teres t  charges in creased as the amount o f  labor 
available to the firm inc reased with the except ion o f  cro p machine ry 
interest which was sl i ght ly h ighe r for the l imited h ired labor model than 
for the unl imi ted labo r model . The irrigat ion in teres t charge s , made up 
of irriga tion ope rat ing in teres t and ir rigat ion syst em interes t , amo tm t ed 
to 31 percent of the to t al interest charge to the ope rator an d  family 
labor model as compared to 37 pe rcent for the l imited h ired l abor model 
and to 18 percent fo r  the unl imi ted labo r model . The dec rease in t he 
percentage o f total inte rest charges made up o f  irrigation in teres t 
charges was due no t t o a decrease in the l evel o f  irrigat ion , in the 
case of the unrest ric ted l ab or model , but rather to  the subs t an t ial 
increase in tot al int e rest charges for this model . 'The to t al interest  
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charge for the unrest ric ted labo r model rep resented a 343 pe rcent increase 
ewer that of the operato r and f amily labo r model and a 1 06 percent 
iacreas over that o f  the l imited h i red labor model . 
Financial S tatements  
Table XXV provides a s unmary o f  the ope rat ing s t at ements and com­
parison o f  returns to the three plannin g models being cons idered .  Tot al 
enterpris e  re turns amounted t o  $1 8 , 44 1  for the operator nnd family labo r 
llOdel , $29 , 19 7  for the l imi ted hired labor model , and $35 , 4 5 0  for t he 
unlimited labor model .  Thi s  ref lected a dec rease n re turns to  the firm 
froa that o f  the unrest ricted labo r model o f  18  percent for the l imi ted 
hired labor model and of 48 percent for the oper�tor and family labor 
model . The enterprise returns f igures were the amounts available to  
cover non-allocated o r  o ve rhead cost s  not d irec tly cons idered ir.  the 
Planning models .  These co s t s  equalled $18 , 7 2 6 , $20 , 2 73 , and $20 , 41 3 fo r 
the opera tor and family labo r model , the l imited h ired labor model , and 
the unlimi ted labo r model respect ively .  The greates t  percent age o f  
these co t s  was made up o f  the interest charged agains t l and investment 
which accounted fo r 74 pe rcent of the total overhead charges for all 
three models .  The final re t urns to f arm managemen t and to operat or and 
family labor was $ 15 , 0 3 7  for the unres tric ted l abor model and $8 , 9 24 fo r 
the limit ed hired labo r model . The operator and family l abor model was 
unable to re turn any amount t o  ope rator management or to ope rato r  and 
family labor.  This mo del returned only s ix and eigh t-tenths percent 
to the total land inves tmen t . 
Table XXV. Operating Statements for the Optimum Tov Line Irrigation Planning Model Under Varying 
Degrees of Labor Rest rictions 
Item 
GROSS INCOME 
Expens es 
Lives to c k  
Crops 
Hired labor 
Depreciat ion 
Int ere st 
To tal expen ses 
ENTERPRISE RETURNS 
Overhead Expens e s1 
Non-allo cated cos ts 
Interest on land 
Land taxes 
To tal overhead expenses 
· RETURNS TO LABOR AND FARM MANAGEMENT 
1 
S ee Appendix E ,  Tables I I  and I I I .  
No Hired Labor 
$9 3 , 81 0  
$3 9 ,  9 2 5  
2 0 , 44 5 
0 
6 , 235  
8 , 764 
$7 5 ,  369 
$1 8 , 44 1  
$ 1 , 9 7 5  
1 3 , 795  
2 , 9 5 6  
$18 , 7 2 6  
$ 0 
Res t ric ted Hired Unres t ricted 
Labo r  Labor 
$ 2 7 2 , 97 6  $599 , 025 
$1 6 5 , 2 14 $438 , 456  
41 , 848 4 7 , 680 
3 , 914 1 5 , 64 2  
1 3 , 9 8 2  22 , 94 9  
1 8, 821  3 8 18 48 
$24 3 , 7 7 9  $ 5 6 3 , 5 7 5  
$ 2 9 , 19 7  $ 3 5 , 4 5 0  
$ 1 , 9 7 5  $ 1 , 97 5  
1 5 , 0 69 1 5 , 1 84 
3 ,2 29 3 12 54 
$ 20 , 27 3 $ 2 0 , 4 1 3  
$ 8 , 92 4  $ 15 , 03 7  
'° 
\0 
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Fro Table II ! , pag 31 , of this s tudy i t is seen that e ch plan­
ning mod 1 ha 3 , 4 76 man-hours o f  operator and family labor  and 900 man­
houra of ov rhead labo r for which some charge must be made , i f  po s ible , 
against the enterprise ret urns . Th is amounted to  a t o t al o f  4 , 3 76 �ua 
hours of  labor . The unres t ric ted labo r model allowed the operator t� 
charge a full $2 . 00 pe r man-hou r ,  which was an amount equal to that 
charged for hired labor , and s t ill re turn $ 6 , 28 5  to the opera tor ' s manage-
nt . The res t ric ted hired lab o r  model also allowed t he o pe rat or to 
charge $2 . 00 per man-hour for this labor and returned $1 7 2  to the opera­
tor ' s  management .  
This chapter cons idered the changes in the opt imum enterprise 
llixea o f  the rep resentative farm f i rm  utiliz ing the tow l ine i rrigation 
system result ing f rom the int roduct ion o f  three d i f ferent levels o f  labor 
availability·. As t he tow l ine sys tem was a labor intens ive s ys t em the 
reatriction of the amount of labo r available to the firm c reated s i gn i f  i­
cant changes in the opt imum enterprise mixes of the firm. Mos t  s i gni f ican t 
from the s tandpoint o f  this study was the s ubstant ial reduct ion in the 
acreage irrigated as labo r became more and more scarce . Als o  o f  s igni f i­
cance was the 400 acres o f  availabl e  c ropland left  idle under the mos t  
severe labor res t ric tio n  appl ied here . 
As labor became mo re res t ricted the t rend developed towar d  the 
selling of some part o f  t he crop product ion ra�her than feeding i t  all to 
livestock. Also as l abo r b ec ame more rest rict ive the�e appeared to be a 
directly related and substantial inc rea�e in the number o f  acres planted 
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to whea t .  Res tricted labo � also p laced more emphas is o n  pasture based 
livestock enterp ris es r at he r  t han on completely feed l o  b as ed enter­
prises . The tabor supply available  per period appeared to b e  the s igni fi­
cant f ctor res t rict ing the devel opment of the f irm rather than the t o tal 
amount o f  availab le labor for the year . This was re flect ed by t he s igni­
ficant amounts of labor tha t go unused because they were not availab le 
for use in o the r labor periods . This al so inf luenced the enterprise mix 
to shift toward more utilizat ion o f  available labor 8 An example o f  this 
would be  th increased emphasis placed upon the bee f cow and calf enter­
prise as 1 bor became mo re scarce . 'nl is qui te pos s ibly reflec t ed not only 
the need for 100re pas ture b ased livestock to conserve labor o t herwise 
uaed in drylo t feeding but also ref lected the firm ' s re qui rement for a 
.,re consistent pe riod-to-period labor requirement to prevent the ac cu­
INlation of an excessive amount of unused labo r which could not be t rans-
, ferred to other labor pe riods . 
Introduction 
Chapter 6 
ANALY S I S  OF COMPARI S ON OF THE CENTER PIVOT 
IRRIGATION PLANNI NG MODEL U NDER VARY ING 
DEGREES OF LABOR REST RICTIONS 
This chapter compares the optimum enterprise mixes wit hin the 
representative farm f i rm  u t il iz ing the center pivot irrigat ion sys t em 
when three different levels o f  res t rict ions were placed upon the amoun t 
of to tal labor available t o  the f i rm .  The mos t  severe rest ric t ion l imited 
the firm to operato r and f amily labo r only. The re st ric t ion of medium 
severity made a l imit ed amoun t of  hired labor available to the f i rm  in 
addit ion to operator and f amily labo r .  The leas t  seve re labor res t rict ion 
allowed the firm an unl imi ted labor s upply.  Coupled with each of  the 
labor restrictions was the as stnnpt ion t hat unl imited cap it al was avail-
able to the firm. 
Land Use Plans 
The op t imlDil land use act ivit ies selec ted by t he proce s s  o f  l inear 
programming for the three p l anning models are p resent ed in Table XXVI .  
The to tal acrea ge plan ted t o  each c rop as well as the t o t al p ro duc t ion 
for each crop are b o th given in Table XXVI I .  Tabl e  XXVI I I  separat es the 
total production fo r each c rop ac co rding to whethe� it was grown under 
dryland condi t ions o r  under i rrigat ion and whe ther the produc t ion was 
sold or fed to l ives t ock . Immediat ely apparen� here was the s ign i f i cant 
divers if ication of c rops planted under the mos t severe labor res t rj. ct. ions .. 
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Table XXVI . Land Use Plans for the Opt imtn Center Pivot Irrigat ion Planning Model Unde r Varying 
Degrees o f  Labor Rest rictions 
Ac tivities Unit No Hi red Labor Res t ricted Hired Unres t ricted 
Lab or Labor 
Dryland Crops 
Class I Land 
Corn Acre 0 88 0 
Whe at Ac re 350 2 0 3  0 
B arley Acre 2 5 0  25 0 2 5 0  
Al falfa Ac re 0 0 2 8 
Flax Acre 1 8  0 0 
Oat s-Al f al f a  
Ro t at ion Ac re 1 7 0 0 
Class II Land 
Wheat Ac re 0 3 5  0 
Al f al f a  Ac re 87  252  145 
TOTAL DRY LAND  ACRE S  Ac re ill 828 423  
Pas ture 
Nat ive Acre 212  103 0 
Improved Acre 2 4 8  3 20 3 20 
Irrigated Ac re 0 0 0 
TOTAL PAS TURE ACRES Ac re 460 4 2 3  320 
I rri8ated Cro2s 
Co rn Ac re 101 2 3 8  542 
Al fa lfa Ac re 2 7  34 1 35 
TOTAL IRRIGATED ACRES Acre 1 2 8  2 7 2 6 7 7  
.... 
0 
l.i.> 
Table XXVI I. Total Acreage an d  Production by Crop for the Opt iata Center Pivot I rrigat ion Pl�n1ng 
Model Under Varying Degrees o f  Labor Rest rict ions 
Item Unit No Hi red Labor Restrict ed Hired Unre s t ricted 
Labor Labor 
To tal Acres of Cro2s 
Corn Acre 1 01 3 2 6  54 2 
Whea t  Ac re 3 50 238 0 
Barley Acre 25 0 2 5 0  2 50 
Flax Acre 1 8  0 0 
Al fal fa Ac re 114 286 3 08 
Oat s-Al falfa 
Ro tat ion Ac re 1 7 0 0 
TOTAL ACREAGE Ac re 850 1 , 1 00 1 , 1 00 
Grain and Forase Product ion 
Corn Bushel 1 2 , 14 0  28 , 4 68 48 , 5 01 
Corn s i lage Ton 0 7 08 2 , 735 
Wheat Bushel 8 ,  750 5 , 800 0 
Barley Bushel 1 0 , 000 1 0 , 000 1 0 , 000 
Oat s  Bushel 208 0 0 
Flax Bushel 198 0 0 
Al falfa hay Ton 295 54 8 1 , 01 7  
.... 
0 
.p. 
T hle XXVIII . Produc tion Techni que and Use b y  Cro p  for the Op t imum 
Center Pivo t I r rig at ion Plann ing Mod el Und e r  Varying 
Degrees of Labor Res t ri c t ions 
Crop and Model 
(Unit ) 
� (Bushel ) 
No Hired Labo r  
lleatricted H ired Labo r 
Unrestric ted Labo r  
Co rn  Sila ge (Ton ) 
No Hired Labor 
lestricted Hired Labor 
Unre stricted Labo r 
Wheat (Bushel ) 
No Hired Labor 
Restric ted Hired Labo r 
Unrestricted Labo r  
BarleI (Bu hel ) 
No Hired Labor 
Restricted Hi red Labor 
Unre tricted Labo r 
.Q!!! (Bushel ) 
No Hired Labo r  
Restricted H ired Labo r 
Unrest ric ted Labor 
� (Bushe l )  
No Hired Labo r  
Res tricted Hired Labor 
Unres tricted Labo r  
Alfal fa Hay (Ton) 
No Hired Labo r  
Restricted Hired Labor 
Unres tricted Labo r 
Te chnique 
Dryland I r rigat ed 
0 
0 
0 
0 
7 08 
0 
8 , 750 
5 , 800 
0 
10 , 000 
10 , 000 
1 0 , 000 
208 
0 
0 
1 98 
0 
0 
14 2  
353  
247 
12 , 140 
28 ,4 68 
48 , 501 
0 
0 
2 , 735 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
153 
195 
770  
Use 
Fed So l d  
4 , 09 1  
19 , 06 5  
48 , 501 
0 
7 08 
2 , 7 35 
0 
0 
0 
0 
0 
10 , 000 
0 
0 
0 
0 
0 
0 
295 
548 
1 , 01 7  
8 � 049  
9 , 4 03 
0 
0 
0 
0 
8 , 750 
5 , 8 00  
0 
10 , 000 
1 0  000 
0 
208 
0 
0 
1 98 
0 
0 
0 
0 
0 
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When unlimi ted labor w s available t o  the firm the entire 1 , 100 ac res o f  
available cropl and was planted to ei ther co rn ,  barley , o r  al fal fa . When 
the labor supply was dec reased to a l imited amount of h ired labor in 
addition to operato r  and f am ily l abor the model ut ilizec the full amount 
of cropland av ilable to it b ut added wheat product ion to t ha t  o f  corn , 
barley ,  and alfal fa .  The s igni. f i cant change in cro pland usnge deve lo ped 
vheu the labor available to the firm was rest ric ted to only operato r  and 
family . In this model 2 5 0  ac r�s o f  available cropland were e ft i dl e . 
The remaining 850 acres we re planted to corn , wheat , b arley , al fal f a , 
flax , and n oats- l fal fa-al fal fa-al fal fa ro tat ion . Such a d ivers if ica­
tion would app ear to indicate an attempt by the model to make ax imum 
per-period usa ge of the limited available labor . 
Anothe r  impo rt ant feature o f  this comparison was the t endency 
to sell some port ion of the total c rop product ion rathe r than to feed 
the ent ire p�oduct ion as labor became scarce . This was d i f ferent f rom 
the experience under the unres t ric ted tow l ine i rrigat ion mo del .  The 
unrestric ted cente r pivo t model , having unlimited labor and unl imited 
capital ,  planted 250 ac res o f  b arley from which the total produc t ion 
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waa fed . This model ' s  to tal production of corn , corn s ilage , and al fal fa 
was fed to livestock . When the labor supply was rest ricted to a l im it ed 
amount of hired labor , 6 7  percent o f  the model ' s  corn produc t ion was 
•old as was 100 percent of b o th i ts barley t'.nd its wheat p roduc t i on .  
All of th is model ' s c o rn  s ilage and al fal f a  product ion was fed . When 
the labor supply to the firm was mos t severely rest ricted , 34 percent of 
the model ' s co rn  produc ti on was sold as was 100 percen t  o f  the o at s , 
\ 
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flax, barley and �eat product ion. No corn s ilage was produced in · this 
model and 100 pe rcent o f  the al falfa p roduct ion was fed . 
The rest ric t ion o f  the amount o f  labor available to the firm 
induced substantial decrease s in the prod uct ion o f  all c rops mutually 
planted in the planning models with the except ion of  b arley . Barley 
production remained cons t ant in all models . Comparison o f  corn p roduc­
tion in the limit ed hired l abor and operator and family labo r models  with 
the unrestricted labo r  model revealed a respect ive decrease of 41  percent 
and 75 perc nt . Al fal f a  product ion in the res tricted h ired labor model 
decre sed by 46 percent from that of the unrest ric ted labor mo de l . It 
decreased by 71 percent in the ope ra to r and family labo r model . When t he 
labor supply was res t rict ed to operator and family plus a l imit ed amount 
of hired labo r , co rn s ila ge product ion decreased by 7 4 percent . When 
only operator and f amily l abor was made available to the firm there was 
inaufficient labo r  to convert any corn product ion into s il age . 
T ble XXIX pres en ts the land use plans for all three models as 
percentages of the tot al available c ropland planted to  each crop and the 
percentages of total available pasture land u t il ized as eithe r  nat ive 
P&&ture ,  improved nati ve past ure , or as irrigated pasture . Readily 
apparent · was the addi t ion of a subst antial ac reage cf wheat to the firms ' 
crop usage plan as the l abor s upply was rest ricted . Whe re as the unre­
stricted labor model a llocated none of its total cropland acreage to 
Wheat produc tion , the re st ricted hired l abor model allocated 21 pe rcent 
of its total cropland to  wheat and the operator and family labor mo del 
allocated 31 percent o f  the t o tal available cropland to whe at pro duct ion . 
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ble XXIX. Cro . and Pas t ure Plans es Percen tages o f  To t al  La�d Avail­
abl fo r Ea ch Use : Op t imum Ce n t e r  P ivot I rr i gat ion Planning 
del Und e r  Varying Degrees o f  Lab o r  RGs t rk ticm s 
Land Type and Use 
Cropland 
Corn 
Wheat 
Barley 
Alf lf a 
Flax 
Oat s-alfalf -
alfalf - l falf a 
Unused 
Total 
Pasture 
Nat ive 
Improved 
Irriga ted 
Unused 
Total 
No Hired Labo r Res t ri c t ed Unres tricted 
9% 
31% 
23% 
10% 
2% 
2% 
23% 
100% 
4 6% 
54% 
0% 
0% 
1 00% 
Sired Labo r  Labo r 
30% 49% 
21% 0% 
23%  23%  
26% 28% 
0% 0% 
0% 0% 
0% 0% 
100% 100% 
22% 0% 
70% 7 0% 
0% 0 %  
8% 30% 
100% 1 00 %  
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This 31 percent o f  total available cropland planted to wheat was actual ly 
41 percent of the total ac reage actually planted by the firm. The mos t 
severely res tric ted model also planted four percent o f  the total crop­
land to flax and to an oats-al fal fa-al fal fa-alfal fa ro tat ion bec ause 
wheat was at its 350 acre l imi t . Of the 35 ac res planted to both o f  
these crops , 18 acres we re planted t o  flax and 17  ac re s were planted to 
the oat s-al fal fa ro t at ion . Neither o f  these c rops were planted in the 
other two pl anning mo dels .  Unde r this p art icular model both b arley and 
wheat were planted on the maximum acreage allot ted to each in the b as ic 
model . I f  these l imit s had not exis ted , this 35 acres woul d have 
probably been plan ted to e ither whea t o r  to b arley . 
The level o f i rriga t ion decreased sharply as l abo r became more 
scarc e .  The total ac reage of  corn was irrigated in all three models 
except for 88 ac res of d ryland co rn planted on Class I l and under the 
limi ted hired labor  mo del . The t o tal p roduct ion of this ac reage wns 
converted to corn s ilage and fed to l ives tock.  In all three models the 
al fal fa crop was pl ant ed on both i rrigated and on non-irrigated land . 
Where the labor supply was unl imited 7 6  percen t o f  the al fal fa acre a ge 
was non-irrigat ed . Whe re l imited hired labo r was availabl e to the firm 
88 percent o f the al f alfa acreage was not  irrigated . Where only operator 
and family labo r  was available t o  the f irm 5 6  pe rcent of the al f al fa acre­
age was non-ir rigated . The inc rease in the pe rcent age o f  total alfalfa 
acreages planted to d ryland al falf a  as  the  l abor res t ric t ions increas ed 
in severi ty would appear to ind ic a te an increas ing marginal re turn to  
the firm for a man-ho ur o f  labo r e xpended on an acre o f  d ryland al fal fa .  
!he remaining crops planted in all three planning models ; which incl uded 
barley , wheat , flax , and an oats-al fal fa rotat ion , we re all d ryland 
crops . In aggregat e  figures 62 pe rcent o f  the total avail ab l e  cropland 
acreage "'88 irri gated when unl imited labo r was made availab le to the 
firm. This percentage dec reased to 25 percent when the f i rm  was al lowed 
only a limited amount o f  h i red l abor and decreas ed st ill f urther to 1 5  
percent for the operat o r and family labo r model . 
Th total availab le acreage o f  pas ture land was more fully ut i­
lized as the 1 bo r supply bec ame more res t r ic t ive .  As more tot al acres 
of pasture were ut il i z ed the pe rcent age used as nat ive pas ture al so 
increased .  No pas ture acreage in any o f  the three models was irri gat ed . 
The 11l8Ximum number o f  ac res  o f  nat ive pas t ure which t he mo dels we re 
allowed to improve were improved in both the unrest ric ted labor model 
and in the limited hired l abor model . Tile operator and family labo r 
1DOdel had su f fic ient labor to improve only 248 acres o f  nat ive pas tu re . 
Due at leas t in part to the predominance of  completely feed l o t  based 
livestock in the l ives tock act ivities o f  the unrest ricted labor model 
the full pasture requiremen t  for the model was met wi t h  the 3 2 0  ac re s 
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of improved nat ive pas ture wi th no requirement for nat i ve pas t ure . Th is 
model there fo re left 14 0 acres o f  available pas t ure unused . The increase 
in emphas is placed upon pasture based an imals in the l ivestock act ivit ies 
of the rest r i� ted labo r model required use of  103 acres o f  nat ive pas ture 
in addi t ion to the 3 20 ac res o f  improved nat ive pas ture in orde r to meet 
the pas ture requirenent s  o f  its  l ivestock enterprises . Thi rty-seven 
acres of pas tu re went unused in this model . 'When only operato r and 
family labor was av ilable t o  the f i rm the l abor shor t age allowed on y 
248 acr o f  nat ive pasture to be improved and the re quirement o f  al l 
livestock suppo rt ed by t he model f o r  pas t ure nec es s it ated the ut i l iza­
tion of 2 2 acres o f  n at ive pas ture also . In this model the t o t al 
�•ilable acrea ge o f  pas t ure was used . 
Livestock Act ivi t ies 
Th optimtun l ives t ock en t erp rises for the three p lann ing mode ls 
ar shown in Tab le XXX. Th is tab l e  ind icated a sub s tan t ial revision t o  
the optimum lives tock enterprise mixes caused b y  the re s t rict ion of  the 
aa>unt of labor avai lable to the firm in each model . With unrest ricted 
labor and unrest ric ted cap i t a l  availab l e  to the firm ,  the cent er p ivot 
irrigation model woul d suppo rt a total 1 , 90 i animals o f  whi ch 1 , 280 h ead 
were purchas ed calve s and t he rema in ing 622 head were purchased period 
two yearl ing feede rs . No b eef cow and ca l f  ent erp ri se was maintained . 
Of the 1 , 280 c lves purchased 658 we re raised to yearl ing feeders J.n s ix 
aonths on the farm and s o l d  on Ap ri l 15  at 65 0 pounds . The rema ining 
622 calves were wint ered on a l ight grain rat ion for s ix mon ths and we re 
�ranaferred to d rylo t  in pe riod one (April 15 to Octobe r 1 5 )  to b e  f ed 
out on a silage rat ion and so l d  fo r s laughter on Octob er 15 . The 62 2  
Yearling feeders purchased were f ed o ut on a s ilage ration in the s ame 
drylot activity bu t in pe r io d two (Oc t obe r 15 to Apri l 15 )  and s o l d  for 
•lau ghter on Apri l  1 5 . 
When the center _) ivo t  model was r e s t ric t ed to l imited hire d  
labor a to tal of 7 76 l ives tock un it s were s uppo rted b y  t h e  f irm o f  whi ch 
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Table XXX. Lives tock Plans for the Opt imum Center Pivot Irrigation Planning Hodel Under Varying 
Degrees of Labor Rest ric tions 
Lives tock Act ivity! 
To tal calves purchased 
To tal yearlings purchased 
Bee f cow unit : Feeder cal f so ld , Oc t ober 
repl acements firs t cal f as two-year old 
Feed calves : Buy calves , Octobe r ,  ten 
months in drylot , no sila ge 
Trans fer calves : Buy calves , Oc tober , winter 
on li ght grain rat ion , t rans fer to d rylot , 
feed out in Peri0d 1 ,  si lage rat ion , sell for 
s laughter , October 
Raise yearling feeders : Buy calves , Oc tobe r ,  
winter on l ight grain rat ion , sell 650 pound 
feeders , April 
Feed good to choice yearling steer : Buy 650 
pound feeders , Oc tob er , feed out in Period 2 ,  
s ilage rat ion , sell for slaughter , April 
Unit 
Head 
Head 
Cow-
Cal f  
Head 
Head 
Head 
Two­
He ad 
No Hired Res t ricted Hired Unre s t ricted 
Labor Labo r Labor 
2 06 55 1 1 , 2 80 
0 16 1 62 2 
68 58 0 
0 5 0 
0 161 622 
254 433 65 8 
0 161 622 
1
The l ivestock ac tivities availab le to the model are given in Appendix F, Tables I through XIII.  
.... .... 
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557 unit er pur bas ed c alves and 58 were purchased period two year­
ling feeders . A bee f cow and calf he rd o f  58 cow and c al f  pairs was 
.. intained w ich p ovi ded the f i rm  with 4 2  calve� for use in o ther l ive-
1 tock activi ties . Of the 7 60 head o f  lives tock availab l e  f o r  use by 
t firm, five h ad o f  calves were fed ten months in dryl ot wit h  no 
•ilage ration and sol d  at 1 , 050 pounds . O f  t he rema ining 594 calve s , 
433 were r ised to year ing f eeders in s ix month s on t he f arm and sold 
on April 15 at 650 pound s . The remainin g 161  calves were w in tered on 
a light grain r t ion for s ix mon ths and we re t rans ferred t o  d ryl o t  in 
period one to be fed out on s il a ge r at ion and sold for slau gh t e r  on 
October 15 . The 161 yea r l ing f eede rs which were purchased we re fed out 
on silage ration in t he s ame d rylo t ac t ivi ty but in period two and s o l d  
for slaughter on April 1 5 . 
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When the lab o r  supply t o  the f irm was mo s t  rest ricted the cent e r  
pivot model suppo rted a t o tal o f  274 l ivestock uni t s . O f  the se , 2 06 h e ad 
were purchased calves .  A beef cow and cal f herd of 68 cow and cal f  pairs 
waa maintained which suppl ied t he firm with 48 calves f o r  use in o t he r  
livestock ac t ivi t ies . The to tal 254 c a lves 3vailable t o  the f i rm  we re 
raised to yearling f eeders in s ix months on the farm and sold on Ap ril 1 5 
at 650 pounds . No yearl ing feeders were purchased in this mod·e l. 
S igni f icant in t h is comparison was t he s ub stan t ial dec re as e  in 
the total numb� r o f  l ives tock un it s s uppo rted by the models as the l abo r 
supply became mo re res t r ic ted . The numbe r o f  l ivestock units suppo r t ed 
by the unres t rict ed l abo r  mo de l  decreased by 59 pe rcent for the re s t ric t ed 
hired labor mo del and by 8 6  percent fo r the operator and family l ab o r  
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model . The predominance o f  compl et ely feed lot  based l ives t ock uni t s in 
the ente pris e mix of t he unre s t ric ted labor model dec lined sharply as 
labor was res t ric ted . Where only operat o r  and family l ab o r  was avail­
able to th firm , 100 pe rcent of  the l ivest ock units  suppo rt ed b y  the 
model had a pa ture requi rement . When l imi ted labor was made availab le 
to the firm in ddi t ion t o  operator and f amily l 3bor , 6 3  percen t o f t he 
livestock uni t s  suppo rt ed by the model had a pas ture requi remen t . When 
the labor supply to the f i rm  was unres t ric t ed , 34 pe rcent o f  the l ive­
stock uni ts suppo rt ed by the f irm h ad a past ure requirement for thei r  
full term on the fa rm and a n  addit ional 3 3  per cent had a pas t ure re quire­
ment for the firs t half o f  their term on the farm . 
Labor 
A suumary o f  the us e o f  operat o r  and family labo r and o f  h i re d  
labor b y  the planning models i n  each o f  the t en labor periods i s  given 
in Table XXXI . Ope rator and family labor availab le to the firm was 
fully ut i lized when unrest ric t ed labor was made available to the firm 
but only 97 percent ut il ized when the f irm was rest ricted to operato r  
and fami ly labor pl us a spe ci f ic amo unt o f  h ired labor and only 7 6  p er­
cent ut i lized when the f i rm was rest ricted to only operator and family 
labor .  When the model was rest ric ted to l imited h ired labor ,  the l ab or 
suppl ied by the operato r  and h i s  family was fully u t il ized in al l pe riods 
except period s ix (June 16 t o  June 3 0) . In this period 5 3  percent o f  
the avai lable lab� r was L � il ized . When the model was res t ricted to 
operator and family labor ,  the supply was fully u tilized only in pe riod 
three (April 1 to Apri l 3 0) , period f ive ( June 1 to June 1 5 ) , and 
period ten ( September 1 to Novemb er 1 5 ) . 
Table XXXI . Labor Requirements by Labor Period for the Opt i•ta Center Pivot I rrigat ion Planning 
Model Under Varying Degrees of Labor Rest rict ions 
Planning Model 
10 Tot al 
Operator and Family Labo r  Availab le 
(Man-Hours of Labor) 450 4 83 353 3 44 218 217 217 218 4 35 541 3 , 4 76 
H ired Labo r Available 
7 34 636 392 3 94 1 9 9  198 1 98 201 4 00 7 6 8  4 , 1 2 0  
No H ired Labor 
Operator and family 320 312 3 5 3 1 00 218 30 159 2 04 404 54 1 2 , 6 41 
H ired 0 0 0 0 0 0 0 0 0 0 0 
To tal 3 2 0  3 1 2  3 5 3  100 2 18 3o 159  2 04 404 54 1  2 , 6 41 
Res tric ted Hired Lab or 
Operato r and family 450 4 83 353  3 44 218  115  21 7 218 4 35 54 1 3 , 374  
Hired 3 1 3  20 1 6 7  3 0  1 9 9  0 1 86 0 0 7 68 l i 7 64 Total 7 6 3  6 84 4 2 0  3 74 41 7 115 4 03 218 4 35 1 . 3 09 5 .. 1 3 8  
Unres tric ted Labo r  
Operator and fami ly 450 4 8 3  353 344 21 8  21 7 21 7 218  4 35 541 3 , 4 7 6 
Hired 1 1308 9 9 1  203 4 60 3 7 7 7 6  4 1 6 84 259 22148 6 2 3 2 2  
To tal 1 , 7 58 1 , 4 7 4  556  8 04 595 293 633 3 02 694 2 , 6 89 9 , 7 9 8 
lThe exac t dates for each labo r period a re given in Tab le III , p age 3 1 .  
..... 
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When th model was restric ted to l imited h i red labor , the f i rm  
hired 1 bor in exce s of that supplied by the h ired man in period five , 
period s ven (July 1 to July 1 5 ) , and pe riod ten .  I n  the remainin g  
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seven period the firm u t ilized 1 , 549 � n-hours of labor supplied by the 
hired man which accounted for 4 8  percent o f  the total labor supplied by 
hia. The firm required 2 15 man-hours o f  labor in ad dit ion to that 
8Upplied by the hired man . Periods s ix  (June 16 to June 3 0) , eight (July 
16 to July 31) , and nine (Augus t 1 to Au gust 31) were periods in which 
th firm hir d labor at al l .  Full utilization o f  availab le operat or 
and fami ly labor was made in periods eight and nine but in period six the 
firm utilized only 53 pe rcent o f  the labor available to it f rom the 
operator and his f amily . 
Where the model was allowed t o  d raw labor from an unl imi ted 
supply , th firm hired labor in addition t o  that supplied by the h ired 
u in all periods except period three , period s ix , period eight , and 
period nine .  These four pe riods ut ilized 63 percent o f  t he hired man ' s  
labor available to t hem. The firm u t ilized a total of 2 , 858 man-hours 
of the hired man ' s labo r which was 89 percen t of the total labor suppl ied 
by him. The firm required 3 , 4 64 man-hours o f  labor in add it ion to that 
supplied by the hired man . 
Capi tal Requirements  
Table XXXll gives the individual capital requirements , the tot al 
annual capital requiremen ts , and the t o t al cap� tal re quirements for the 
Planning model� .  The dominance o f  the l ive s t ock enterprises over the 
Table XXXII . Capi tal Requirements for the Opt imum Cen ter Pivot Irrigation Planning Model Under 
Varying Degrees of Labo r Res t rict ions 
Capital 
Annual operat ing capital 
Period 2 operating cap ital 
Livestock facility cap ital 
Lives tock animal cap i tal 
Crop machinery capital 
Irrigat ion operat ing capi tal 
Irri gat ion sys tem capital 
TOTAL ANNUAL CAPI TAL 
Land Capital : 
Dry land 
Irrigab le 
Pas ture 
TOTAL LAND CAPITAL 
TOTAL CAPI TAL REQUIRED 
No Hi red Labor 
$ 1 4 , 88 2  
494 
3 , 889 
40 , 5 53  
13  .. 2 2 8  
4 , 110  
___!i.i07 2 
$ 9 1 , 228 
$14 5 , 800 
23 , 680 
2 0 , 000 
$189 .. 480 
$28 0 , 708 
Res t ricted Hired 
Labor 
$ 2 7 , 68 2  
4 , 659  
1 7 , 2 28 
100 , 248 
16 , 680 
8 , 65 1  
29 ,81 7 
$204 , 965 
$12 4 , 2 00 
50 , 32 0  
20 , 000 
$194 . 5 20 
$399 ,485 
Unrest rict ed 
Labor 
$ 5 6 , 5 4 5  
9 , 4 04 
50 , 82 2  
236 f 7 1 1  
1 7 , 4 3 1  
2 1 , 6 7 1  
---2!!..J. 2 54 
$4 6 6  , 8 38 
$ 6 3 , 4 50  
1 2 5 , 2 4 5 
20 ,000 
$208 .. 6 9 5  
$675 , 5 3 3  
� .... 
....... 
oth r ent rp r i  es in the f i rm  in all three mode ls w�s ind ic ated b y  the 
f c tha t 1 ve to ck f c i l i ty a d l ives to ck animal c ap i t al requi remen ts 
account d fo r the grea tes t po rt ion of t he tot al annual cap ital re qui re-
To t 1 liv s t o ck capi t a l  requi rement s  amo un t ed to $44 , 442 when 
cnUJ operator and family labor we re available to t he f i rm  $1 1 7 , 4 76 
n limi ted hired l abor was mad e  availab le to the f i rm  in addit ion to 
th operato r  and family l abor , a nd $287 , 53 3  when unl imi ed labor was 
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• ilable t o  the fi rm. . Th is ac coun ted for 49 percen t o f  the t o t al annual 
capital under th mos t  seve re labo r rest ric t ion , 57 pe rcent f o r  the 
90d ra te labor re s t ric t ion , and 62 pe rcent for the eas t s eve re lab o r 
r triction . Th d ec reas ing pe rcen t a ge of total annual c ap it al r e qu ire­
ta account ed fo r by l ives tock cap i t al requiremen t s  as the labo r 
r trict ions became more s evere reflec ted the dec rea ing impo r t ance o f  
liv stock enterp ris es i n  t he f i rms ' en te rprise m ixes as mo re and mo re 
h grain ente r pr i se s  we re i n t rod uc ed into the mix . 
Th to tal annual cap i t al requiremen t s  f o r  the mo del ut i l i z i ng 
only operat o r  and f amily l abor were $ 9 1 , 228 . They we re $204 , 965 fo r 
the limited hired labo r model and $4 66 , 83 8  for the unres t r i c t ed l ab o r  
.,del . This re presen ted a d ecrease f rom the tot al annual c ap i t al 
requirement of the unres t ric t ed l abor mode l o f  56 per cen t f o r  the l imi t ed 
hired labo r mo del and o f  8 0  percent fo r the operat or and f amily labor 
llOdel . All componen t s makin g up t he to tal annual cap it al re qu iremen t s  
increas ed a s  labo r  became mo re read ily availab l e  in the model . 
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'nl e  pe rcent age of the total annual cap it al requirements devo ted 
to the irrigat ion capi t al requ irements , i rrigat ion operat ing cap it al and 
irriga tion sys tem capit al , rema ined v i rtually the same under all three 
levels of labo r res t ri ct ion . These accounted for 2 0  percent o f  the to t al 
annual capital in bo th the model having the l east seve re lab o r  res t ric­
tion and in the model having the most severe labor res t ric t ion .  To t al 
irrigat ion cap i t al requiremen t s  accounted fo r 19 percen t o f  the tot al 
annual cap ital requirements o f  the mode l having res t ricted h ired lab o r  
available to the fi rm .  The s imilarity in these percent ages d i d  not 
indicat e s imilar leve ls o f  irrigation but rather ind icated that the 
to tal annual cap i t al requirements dec reased as labor b ec ame s carce in 
approximately the same p ropo rt ion as d id the total irrigat ion cap i t al 
requirements . The i rrigat ion capit al requirement s we re $18 , 18 2 for the 
operator and family labor model , $ 38 , 468 fo r the limit ed h ired labo r 
model , and �95 , 925 fo r the unlimited labor model . Due to the overall 
reduct ion in the intens iveness o f  farming and in the develo pment o f  the 
livestock enterprises as labo r bec ame more and mo re scarce the pe rcent­
age of the t o t al c apit al requirement s  o f  the model devoted to f ixed land 
investment increas ed as l ab o r  r es trictions b ecame more severe . The fixed 
investment in land accoun ted for 68 percent , 49 percent ,  and 31 percent 
of the to tal cap it al requi rements for the operator and family lab o r  
laOdel , the l imited h ired labo r model , and tbe unl imit ed lab o r  model 
respect ively . 
Summary of Expens e s  
A l i  t ing o f  the individual expense component s  for the th ree 
planning mod l s  cons idered here is presented in Tab le XXXI I I .  T'ne to tal 
crop and lives tock expens es for the o p e rato r and f amily labo r  model 
12 0 
unted to $56 , 861 . When the l abor supply was inc rease d  b y  the add i t ion 
of a limited amount o f  h ired labo r to the operator and family l ab o r  t he 
total crop and l ives to ck expenses became $1 7 4 , 43 6 .  When the labo r supply 
to the firm was unl imi ted the tot al c rop and lives tock expenses b ecame 
$448 , 7 95 .  The purch se o f  l iven t ock was the s ingle great e s t  expense in 
all three models . 
Total c rop expens es in creased as more labor became ava ilable t o  
the firm bu t  t h  pe rcen tage of  this to tal b elonging to d ryl and c rops 
decreased . The percentage o f  d ryland c rop expenses was 6 2  percent o f  
the tota l crop expens es fo r the operator and family labor model , 
48 percent for the l imit ed h ired labor model , and 1 7  percent f o r  the 
unrestric ted l abo r model . These pe rcentages reflected the s harp dec rease 
in irri ga tion caused by labo r sho rtages as the l abor s upply was res t r ic t ed .  
In eas ing the l imit ed hired labo r res t rict ion and allowing the model 
unlimi ted labor the hired l abor expense inc reased from $3 , 530 to $12 , 64 2  
for an increase o f  approxima tely 2 5 8  percen t . 
All componen ts  c ompris in g  the to tal dep reciat ion expense in 
all three models increas ed as the amount of labo r avail able to the firm 
increased . The mo � t s igni f ic ant increase came in the l ive s t ock facili ty 
depreciat ion charge . This re flected both the decrease in the total 
nu11ber of lives t ock un i t s suppo rted by the firm and the decrease in the 
Table XXXI II . S1.Bmary o f  Expenses for the Opt imum Center Pivot Irrigation Planning Model Under 
Varying Degrees of Labor Res t rictions 
Expenses No Hired Labor Rest ricted Hired Unre s t ricted 
Labo r  Labor 
Lives tock 
Purchase livestock $3 3 ,  724 $12 6 , 1 94 $344 , 825 
Opera t ing expenses 2 , 64 0  14 , 5 37  45 , 893 
Insurance and taxes 1 ,361 3,813 9 ,4 9 7  
-
TOTAL LIVES TOCK EXPENSES $3 7 I 725 $144 , 544 $4 00 ., 2 15  
CroE!. 
Dryland operat ing $ 4 , 929  $ 5 , 646 $ 2 , 64 7  
Irrigat ion operating 3 ,650 7 , 7 80 1 9 29 1 8  
Total variable expenses $ 8 , 5 7 9  $ 1 3 , 4 2 6  $ 22 , 565 
Dryland fert i�izer $ 4 , 830 $ 5 , 914 $ 3 , 7 40 
Irrigat ion fert ilizer 2 ,4 65 5 ,4 10 1 3  2 710  
To tal fer tilizer expenses $ 7 , 295  $ 11 , 324 $ 1 7 , 4 5 0  
Machinery insurance an d  taxes $ 532  $ 69 7 $ 698 
Irrigat ion insurance and taxes 7 19 1 , 5 2 3 3 , 794 
Crop insurance 2,011 2 , 9 2 2  4 ,0 7 3  
To tal insurance and taxes $ 3 , 262 $ 5 , 142 $ 8 .. 5 6 5  
TOTAL CROP EXPENSES $19 ,136  $ 29 , 8 92 $ 4 8 , 580 
TOTAL HIRED LABOR EXPENSES $ 0 $ 3 , 530 $ 12 , 642 
..... N ..... 
Table XXXI I I .- (continued) 
Expenses No Hired Labo r  
Depreciation 
Crop mach inery $ 1 , 890 
Lives tock faci lity 1 , 01 0  
Irr igat ion ·sys tem - 1 ,7 74 
TOTAL DEPRECIAT I ON $ 4 , 6 7 4  
Int eres t 
Annual operating $ 1 , 1 90 
Period 2 cp�rating 20 
l.ives tock fac ility 253 
Lives to-c k animal 3 , 244  
Crop machine ry 1 , 05 8 
Irrigat i.on opera ting 3 2 9  
Irrigat ion sys cem l 1 2 6  - _,_ -� 
TOTAL INTERESi $ 7 , 2 2 0  
TOTAL EXPENSES $68 , 7 55 
Rea t ricted Hired 
Labor 
... 
$ 2 . 5 4 6  
3 , 61 7 
:l ,75 9  
$ 9 , 922  
$ 2 . 214 
1 86 
1 , 12 0 
8 , 02 0  
1 , 3 31+ 
692 
2,3.85 
$ 15 , 95 1  
$203 . 8 3 9  
·,unre3t ricted 
Labo 
·-
� .-
$ 2 . 55 2  
1 0 , 0 2 3  
9 ;  362_ 
$ 2 1 , 9 3 7  
$ 4 , 5 2  '• 
3 7 6 
3 1 30 3  
1 8 . 9 3 7  
1 , 3 9 4  
1 , 7 3 4  
5 , 94 0 
$ 3 6 , 2 08 
$5 1 9 , 5 0 2  
...... N 
N 
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doainance of t ric t ly feed lot based l ives t o ck ente rpr ises ove r  t he othe r  
livestock ente rprises i n  t he fi rm as labo r bec ame s carce . Lives tock 
facil ity depreciat ion expenses accounted fo r approx ima t ely 2 2  pe rcent 
of the t o t al dep�e ciat ion expenses f or the ope rat o r  and family labo r 
llOdel , 36 percen t for the rest ricted hired labor mo del , and 46  p ercen t  
for the unre s t ric t ed labor model . 
Total int e rest charges inc reased from $7 , 220 for the operato r  
and family labo r mo del t o  $15 , 951 fo r the l imited h ired lab o r  model and 
to $36 ,208 for the unlimited labor model . Al l component s  compris ing the 
tot 1 int res t charge in creased as the amowit o f  l abor available to the 
fira increased . The i rrigation interest charges , made up o f  irrigat ion 
oper t ing inter s t  and i rrigat ion system int e rest , amoun ted t o  21 pe rcent 
of the tot al interes t  c ha rge to t he unrest ric ted labor model . This 
percentage decreas ed to 2 0 pe rcen t  for the ope rator and family labo r 
llOdel and to 1 9  pe rcen t  fo r t he l imited hired labo r model . Again t his 
•illilarity in pe rcent ages d id no t represent a s imil arity in the levels 
of irri gat ion but rathe r an app roximate ly propo rt ional inc rease in both 
the irrigat ion int e res t  expenses and in the t o t al in tere s t  expens es as 
the labor supply was increased t h rough each o f  the three s t a ge s . The 
total in teres t charge to the unres tricted labor model represented a 656 
percent incre ase ove r that of t he ope rator and family l abor model whe reas 
the total in t eres t cha rge s for t he restricted hired labor model rep resented 
8 196 percent inc rease over that o f  the ope rator and family l abo r model . 
Financial Stat emen t s  
Tabl XXXIV provides a s umma ry o f  the o pe ra t ing s t atements and 
c parison s of re t urns t o  t he t h ree plann ing models b e ing cons ide red . 
Total enterprise returns amo\lllt e d  to $15 , 9 52 for the ope rator and family 
labor model , $21 , 9 7 1  fo r the res t r ic ted hired labo r model and $2 5 , 7 1 5  
for the unre stricted labor model . Th is re flec ted a dec reas e  i.n re t urns 
to the firm from that suppl ied by t he unres t ricted labor mode l o f  1 5  
percent for the l imi t e d  h ired labo r model and of  3 8 p e r cen t fo r the 
operator and family labo r model . The ent erp r is e  ret urns figures 
were the re turns to t he fi rm available to cover non-al locat e d  or ove r­
head cost s  not directly acco Wlt ed for in the plann in g mode l s .  These 
coats e qual d $18 , 081 , $18 , 509 , and $1 9 , 715 f or the o pe rat o r  and family 
labor mod el , for the l imi t ed hi red l abor model ,  and for t he unl imited 
labor model res pec t ively . The g rea test percentage o f  t hese 
costs was made up of the int e rest char ged against the l an d  inves tment 
Which accounte d fo r 74 pe rcen t of t he t o t al overhead c ha rges fo r both 
the unrest ric te d  labo r model an d t he res t ric ted h i red l abor mode l . 
Thia pe rcentage decreased very s light ly t o  7 3  pe rcent for the ope rato r  
and family lab or model . The f inal ret urns t o  farm man agement and t o 
operator and family labor was $3 , 4 6 2  for the res t r ic t e d  hired lab o r  
llOdel and $6 , 000 for the unres t r ic te d  l abor model . The ope rat o r  CL�d 
family labo r mode l  was unab l e  t o ret urn any amo unt t o  operat or manage­
•ent or to operato r and family labo r .  This model re turned only fiv e  and 
nine-tenths pe rcen t to the t o t al land inves tment . 
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Table XXXIV. Operating S ta temen ts fo r the Opt imwn Center Pivot Irrigat ion Planning Model Under 
Varying Degrees o f  Labor Res t ri c t ions 
Item No Hired Labo r  
GROSS I NCOME $84 , 7 07 
Expens es 
Live s tc :k 
Crops 
H ired labor 
Deprec iat ion 
Intere s t  
To tal expense s 
ENTERPRISE RETIJRNS 
Overhead Expensesl 
Non-a llocat ed cos t s  
Intere's t o n  land 
Land taxe s 
To tal overhead expens es 
RETURNS TO LABOR AND FARM MANAGEMENT 
1 see Append ix E ,  Tables I I  and I I I .  
$3 7 , 7 2 5  
1 9 , 136 
0 
4 , 6 74 
7 22 2 0  
$ 68 , 7 5 5  
$1 5 , 9 5 2  
$ 1 , 97 5  
1 3 , 2 64 
- 2 , 842 
$18 , 08 1  
- $  2 , 1 29 
Res t ricted H ired Unre s t ric ted 
Labo r Labo r  
$ 22 5 , 8 1 0  $54 5 , 2 9 7  
$1 4 4 , 5 44 $4 00 , 2 1 5  
29 , 8 92 4 8 , 5 80 
3 , 5 30 1 2 , 6 4 2  
9 , 92 2  21 , 9 3 7  
1 5 ! 9 5 1  3 6 22 08 
$2 03 , 8 3 9  $5 1 9 , 5 82 
$ 2 1 , 97 1  $ 2 5  ' 7 1 5  
$ 1 , 9 7 5  $ 1 , 9 75 
1 3 , 61 6  14 , 6 09 
2 , 918 3 ! 1 3 1 
$ 18 , 5 09 $ 19 , 7 1 5  
$ 3 , 4 6 2  $ 6 , 000 
..... 
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From Tab le II I ,  page 31 , o f  this s tudy it  was s een that each 
planning odel had 3 ,4 7 6 man-hours o f  o pe rator and family labor and 
900 man-hou rs o f  ove rhead labo r for which some charge mus t b e made , if 
possible , agains t the enterprise ret urns . This amounted to 4 , 3 76 man­
bour of labor.  The un rest ric ted labo r model allowed t he operato r  t o  
charge $1 . 3 7 p r man-hour fo r t he se 4 , 37 6  man-hours but  re turned nothing 
to the operato r ' management . The l imited hired l ab o r  mo del allowed the 
operator to charge 7 9  c ents pe r man-hour for t h is labo r but  ret urned 
uothing to the operator ' s  mana gement . 
SUlllDary 
This chapt e r cons idered the changes made in the opt imum ente r­
prise mixe s o f  the repre sen tat ive farm firm ut iliz ing the cen ter p i vot  
irrigat ion sys t em when three d i f fe rent  levels o f  labo r res t rictions wer 
imposed upon the f i rm .  I n  reviewing any o f  the res ul ts  o f  t h is chap ter,  
it should be  remembe red that  the  i rrigat ion system deal t wi t h was a 
capital intens ive sys t em .  The most si gni f icant change in t he enter­
prise mixes ob s erve d was t he subs t an t ial <l ec rease in the l evel o f  irriga­
tion unde r condi t ions o f  res t r ic t ed labor av�ilab il i ty .  Al so o f  
signi ficance was the unuse d  c ropl and expe rienced under the mo st  seve re 
labor rest ric t ion .  
A trend exis t ed in th is comparison for a port ion o f  the t o tal 
crop product ion t o  b e  sold  rathe r than fed to l ivestoc k  as labor came 
into short supply . Th is �e flec ted the labo r intens iveness o f  cat tle 
feeding operat ions .  The const ant amount o f  b arley p ro duced and so ld in 
all three models rather than fed was s igni ficant in that i t  was al l 
2 6  
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raised on non-i rrig a t ed land . Thi s  seemed t o  ind ica te a relat ive increase 
iD the import ance of d ryland ba rley as a cast -grain cro p  when labor 
rest rict ion s to the firm existed as a cap it al in tens ive i rrigat ion 
•J•tem was utilized . This  p remise was somewha t s u�po rted by the fac t  
that under condi t ions o f  an unl im i t e d  labo r  s upply the tow l ine irriga­
tion model , which was a l abo r in t ens ive model , raised the s ame to t al 
acreage of barley as did the cen te r p ivo t model but i rrigate d h al f  o f  
it . When the labor suppl ies we re res t ricted , the t ow l ine mo del raised 
all b rley o n  non-i rri gated land . As with the tow l ine i rrigat ion plan­
ning models , the numbe r of acres plan t ed t o  wheat under this model 
increased subs tant ially as t he labo r res t r ic t i ons becam.e more severe . 
Dryland alfal fa acreage appeared to become relatively mo re imp o r t an t  to 
the firm than i rrigated al fal fa a s  l abor became mo re res t ricted . 
The l ives tock en t e rprise m ixes re flec ted the same t rends unde r 
increas ed labo r res t ri c t ions as we re experienced with t he t ow l ine i r ri ga­
tion models . As labo r b ecame sca rce the number o f  l ives tock uni ts t hat 
the firm could suppo rt d ropped o f f  8 harply . The dominanc e  of  s t rict ly 
drylot based live s t ock a c t iv i t ies d ec reased in favo r of pas t ure based 
activit ies as labo r  res t ric t ions were en forced upon the f irm .  The 
number of head of l ives tock purchase d by the firm decreased in f avor o f  
cow and cal f  herd en t e rpri ses . 
The l abor supply available to t he firm in each individual labor 
period appeared to be t he real  factor rest rict ing the deve lopmen t o f  
the f irm . This was indicated by t he in creased ' amount s  o f  unused labor 
experienced as the labo r supply wa s  r es t ric ted d ue t o the fac t  that 
nus d labor could not be t r ans f er r�d f rom one pe riod t o  anothe r .  
defio t e  indicat ion exis t ed that , s t he labor suppl ie s .o the f i  were 
1tricted , h ent e rp r i se mixes we r.e o rien t ated t owar d  the conse rvat ' on 
of ailable l · bo r and to �ard a mo re cona t an t  period-t o-pe riod labor 
r quirement to prev n t  an excess ive ac cumulat ion o f  unused non t rans fer­
able labor . 
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Introduct ion 
Chap t e r  7 
ANALYS IS AND C CMPARISON OF THE WHEEL MOVE 
IRRIGATION PLANNING MODEL UNDER 
VARYING DEGREES OF LABOR 
RESTRICTIONS 
Thia ch pt e r  c ompa re s  the opt imum en terprise mixes o f  the 
� pre entat ive farm f irm u t il iz in� the wheel move irrigat ion sys tem under 
three different l evel s  of l abor rest ri c t ions . The mos t  severe re s t ric t ion 
OD labor limited the f i rm  to operat o r  and family labor only . The labor 
reatric tion o f  moder te seve ri t y made a l imited amoun t of h i re d  l abor 
AYailable to the firm in addi t i on to the o perat o r  and family labo r $  The 
l ... t severe labor res t ric t ion al lowed the f i rm  an unl imi t e d  sup ply o f  
labor. Coupled wi th each o f  the l abor res t rict ions was the as sump t i on 
that unlimi t ed capi t al was available to the firm . 
Land Use Plans 
The opt imum land use plans selected thro ugh the ap p l i cat ion o f  
linear programming methods t o  the three model s are pres ented in Tab le 
XXXY . The to t al acrea ges planted t o  each c rop as well as the t o t al 
produc tion o f each c rop are b o t h  given in Table XXXVI . Tab le XXXVI I 
separated the t ot al pro duct ion o f  each c rop according t o  whet he x  i t  was 
grown under dryl and condit ions o r  under irrigat ion and whether the p �o­
duction was sol d as a c ash grain activity o r  fed t o  l ives t ock in suppo rt 
of a l ives toc k  ac t ivity . Tab le XXXVI I I  l is t s  both the p
ercentages o f  the 
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Table XXXV. Land Use Plans for the Opt im• Wheel Move Ifrigation Planning Model Under . Varying Degrees 
of Labor Restric tions 
Ac tivities Unit No Hired Labor Rest ricted Hired Unrestricted 
Labor Labo r  
Dryland Crol?!. 
Class I Land 
Wheat Acre 243 0 0 
B arley Acre 250 24 2 250 
Al falf a Acre 11 0 10 
Oa t s -Al fal fa 
Ro t a tion Acre 51 0 0 
Clas s I I  Land 
Bar ley Ac re 0 8 0 
Al f al f a  Ac re 0 1 1 7  1 36 
TOTAL DRYLAND ACRES Acre 555 367 396 
Pas ture 
Native Ac re 1 7 2  0 135 
Imp roved Acre 2 8 7  320 3 2 0  
Irriga ted Ac. re 0 0 0 
TOTAL PASTURE ACRES Acre 459 3 20 455 
Irrigat ed CroEs 
Co rn Ac re 9 9  3 8 8  5 5 2  
wneat Ac re 104 259 0 
Al fal f a  Acre 2 2  86 1 52 
Oa t s-Al falfa 
Ro tat ion Acre 26 0 0 
TOTAL IRRIGATED ACRES Ac re 251 7 33 704 
..... 
w 
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Table XXXVI . Total .Acreage and Production by Crop for the Optimum Wheel Move Irri gat ion Planning 
Model Under Varying Degrees of Labor Res t rict ions 
Item Unit No Hired Labo r Res t ricted Hired Unrest ricted 
Labo r  Labor 
To tal Acres o f  CroEs 
Co rn Ac re 9 9  3 8 8  552  
Whea t Ac re 3 4 7  2 5 9 0 
Bar ley Acre 2 50 250  2 50 
Al f a l f a  Acre 33 203 298 
Oat s-Alfal fa 
Ro tat ion Ac re 7 7  0 0 
TOTAL ACREAGE Ac re 806 1 , 1 00 1 , 100 
Gra in and Forage Production 
Co rn Bushel 11 , 875 4 6 , 5 0 7  4 9 , 7 2 5  
Corn s ilage Ton 0 0 2 ,  7 2 1  
Whea t Bushel 1 2 , 07 4  1 4 , 882 0 
B a r ley. Bushel 10 , 000 9 , 9 5 0  10 , 000 
Oat s Bushel 1 , 315 0 0 
Al fal fa Ton 3 1 1  6 5 1  1 , 0 7 2  
.... 
l..t.> .... 
tabl XXXVII .  reduc t ion Te chn i que and Use b y  Crop for the Op imum 
Wheel Move I r r i g at ion Planning Model Unde r Varying 
Degrees o f  Lab o r  Re s t ri c t ions 
Crop and Model 
(Unit ) 
� (Bushel)  
No Hired Labo r  
Restric ted H ired Labo r 
Unres tricted Labo r  
Corn Silage (Ton ) 
No Hired Labo r 
Restricted Hired La b o r  
Unrestricted Labor 
Wheat ( Bu hel ) 
No Hired Labor 
lleatricted H ired Labo r 
Unrestric ted Labo r  
BarleI (Bushel ) 
No Hired Labo r 
Res tricted H ired Labor 
Unres ric ted Labo r  
� ( Bushel ) 
No Hired Labo r  
Re tricted H ired Labo r 
Unrestric ted Labo r  
Al falfa Hay ( Ton) 
No Hired Labo r  
Restricted H ired Labo r 
Unrestric ted Labo r  
Te chn ique 
Dryland Ir rigat ed 
0 
0 
0 
0 
0 
0 
6 , 07 5  
0 
0 
10 ,000 
9 , 950 
1 0 , 000 
640 
0 
0 
7 8  
164 
2 0 7  
11 , 8 95 
4 6 , 5 0 7  
49 , 7 2 5  
0 
0 
2 , 7 21 
5 , 999 
14 , 882 
0 
0 
0 
0 
675 
0 
0 
2 3 3  
4 8 7  
8 65 
Use 
Fed Sold 
3 , 97 5  
1 6 , 7 9 3  
49 , 7 25 
0 
0 
2 , 7 21 
0 
0 
0 
0 
0 
1 0 , 00 0  
0 
0 
0 
3 11 
651 
1 , 0 72 
7 , 92 0  
29 , 714 
0 
0 
0 
0 
1 2 , 0 74 
14 , 8 82 
0 
1 0 , 000 
9 , 950 
0 
1 , 315 
0 
0 
0 
0 
0 
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Table XXXVllI . Crop and P as t u re Pl ans a s  Percen t ages u f  To t al Land 
Available fo r Each U s e : Opt imtml Whee l Move I r r igat ion 
Plann ing Mo d�l Unde r Va rying De grees o f  Lab o r  Res t ric­
t ions 
Land Type and Use No Hired Labo r Res t ricted Un res t ri c t e d  
H J..red Labor Lab o r  
Cropland 
Com 9 %  3 5% 50% 
Wheat 31% 24% 0% 
Barley 23% 2 3% 23% 
Alfalfa 3% 18% 27% 
Oats-al fal fa-
alfalfa-al fal f 7% ox 0% 
Unused 27% 0% 0% 
Total 100% 100% 100% 
Pasture 
Nat ive 3 7 %  0% 2 9% 
Improved 62% 7 0% 7 0% 
I rrigated 0% 0% 0% 
Unused 1% 30% 1% 
Total 100% 100% 100% 
1 33 
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total cropl nd 1 , 100 ac res , available to each model pl anted to each 
individual c ro p  and the p e r cen t ages o f the t o t al pas t ure l and 4 6 0  a cres , 
ailabl to each mo del u ti l ized as e i ther nat ive p as t ure , imp roved 
native pas ture , o r  as i rrigated pas t ure .  
The s i  gularly mos t s igni f i can t result f rom t h is comp a r ison was 
the increa e in the l evel o f  i r rigat ion f rom 7 04 i rrigated ac res when 
the wheel move i r ri gat ion p l ann ing model was allowed unl imi t ed l abor t o  
733 irrigated acres when t he labo r supply was l imi ted t o  ope rato r and 
f ly labor plus a l imi ted amo Wl t  o f  hired lab o r  only . The an lys is 
of this oc cur n e e  was of s u f fi c ien t importance and complexi t y  t o  warran t  
• P rate tr a t ent in i t s  o wn  s e c t ion and i s  presen ted in Append i x  D .  
As the labo r res t rict ions upon the model b ecame mo re s evere 
the crop mix became mo re complex . Whe ceas the unres t ricted lab o r  model 
planted its ent ire all o t t ed 1 , 100 ac res o f  cropland to corn , b ar l ey , and 
alfalfa the two res t r ic ted l abor model s ad ded wheat to this crop mi x. 
The moa t severely l ab o r  res t ricted model had the mos t complex c rop mix 
With an oat s-al fal fa-al fal f a-al fal f a  r o t a t ion in add i t ion t o  the crops 
already lis t ed .  Th i s  model d id , howeve r , al low 294 acres o f  the allo t ted 
1 , 100 acres of cropland to go unused which represen ted approximat ely 2 7  
percent o f  the croplan d  ava ilab le t o  i t . 
Of impo r t anc e , also , in t his comparison was t he t rend , as labor 
became mo re and mo re res t ricted , for a s i gn i f ican t  port ion o f  the t o t al 
crop produc t ion o f  t he firm t o b e  s o l d  rather t han fe d t o  l ive s t ock . 
Under unres t rict e d  l ab o r  cond it ions the model fed 100 percen t o f  i t s  co rn 
harvest part o f which was c onverted t o  2 , 72 1  tons of corn s il age . When 
1 35 
the labor supply to the mo de l was rest �i cted t o  o perator and f am ily labor 
plus a limited amount of h i red l abor , 36 percent o f  t he c o rn harve s t  was 
fed . Re st rict in g the labor supply to operator and f amil y l ab o r  reduced 
this to 33 percen t . Oat s  we re produced only under t he mos t s evere l abor 
restrict ion s nd the ent i re harves t was sold The p ro duct ion of wheat 
became a subs tant ial e lemen t of the c rop m ix of the mod e l s  whe n  labor 
a rest ric t e d . Wheat was raised unde r both levels o f labor res t ri ct ions 
1trictly as a cas h  g rain en terp ris e and was not rai sed at al l unde r 
condit ions o f  unrest ric ted l abor suppl ies . Und er the m os t  severe l abor 
res tric t ion the acreage planted to corn and to al fal fa d e c reased sharply 
frc. thos e o f  the other two labo r res t r ic t ion levels . The s e  s ub s t an t ial 
d crease s  were repl ac ed by a heavy rel i ance upon wheat wh ic h ac co un ted 
for 43 percent o f  the t o t al acrea ge pl anted to crops unde r the mo s t  
•evere labo r  res t r i ct ion .  
Barley was p rod uced in all three models and was fed complet ely 
in the unres t ric ted l abo r model b ut sold comple t el y  in the two lab o r  
restricted models . Al f al fa was p roduced under a l l  three l eve l s  o f  lab o r  
restric t ions an d  the t o t al harves t  was f e d  i n  al l three model s . Wi th the 
except ion o f wheat produ c t ion all c rop produc t ion l evel s of mutually 
Produced crops decre as ed as t he l abo r suppl ies b e came mo re s car ce . 
The level o f  i rr ig at ion suppo rted by t he firm under the res pec­
tive labo r res t ric t ions varied considerably . W!ien l ab o r  was dec reased 
from an unlimited amount t o  o pe rator and family labor p l us a l imit ed 
amount of hired lab o r  the l evel o f  irriga t ion increased f rom 7 04 i r ri-
8at�d acres to 7 33 ir ri gated ac res . When the l ab o r  availab l e  t o  the firm 
• • res ricted to only o pe rat o r  and family labor the l ev e l  o f  ir�igat ion 
fell of f d r  s t ically to 2 5 1  i rr igat ed acres . Al l corn ac reage s in al l 
three model were i rr i g ated whe reas all barley acreag e s  in al l three 
models were non- r r i gated . The res t ric ted h ired l abo r mod e l  prod uced 
SO bushels es s  o f  b arley t han d id t he o ther two mode l s  d ue t o  e i gh t 
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acres of b rl ey plant ed on Cl �ss I I  land . Th e  o the r two mo de ls plan ted 
their ent ire ba rley crops on Class I l and . The oat s-al fal f a-al fal fa­
al falf a rotat ion was u t i l iz ed only under the mo st seve re labor res t rict ion 
and 34 percen t o f  i t s  t o t al ac reage was irrigat ed .  Wheat was pro duced 
only when th l abor supp l ies we re res t r i c ted and a l l  o f  it was irrigat ed 
when limited hir d labo r was available to the f i rm . Res t r ic t ing the 
labor to only ope rator and f amily l abo r  reduced the irri gat ion to  3 0  
�rcent o f  the whea t acrea ge . In all three model s  al fal fa was planted 
both on dryland and ir rigated a cres with 51 percen t of the acre age b e ing 
irrigated when the l abo r s upply was un res t ric ted , 42 per cen t b e in g  
irrigated when l imit e d  h i red labo r was availabl e , and 6 7  pe rcen t b e in g  
irrigated when only oper at o r and f amily l abor was availab l e . The increase 
in the percent age o f  al fal fa ac reage i rrigated when labor was red uced 
from limi ted h ired l ab o r  to operator and f amily l ab o r  seemed to indicate 
an increased per acre marg inal ret u rn to the f i rm  f rom irri gated 
alfalfa when the labo r s upply was mos t  seve rely res t ric t ed . 'nl is 
trend was experien ced unde r the t ow  l ine system also . In the agg re gate 
the level o f  ir ri gat ion amount ed to 64 p er cen t ,  67 percent , and 23 per­
cent o f the t ot al availab le ac res o f  c ropland for the un res t ric t ed l ab o r  
lk>del , the res t ric ted h ired l abo r model , and the operator and f amily 
labo r  model respec t ively .  
Each model in th is compa r is on was allo t t ed 4 6 0  acres o f  p as ture 
land to ut ilize i the ir en te rp rise m ixes . Unde r both the mos t  s evere 
labor rest rict ion and under the l ea s t  seve re labo r res t ric t ion maximum 
ge was de of these available a cres as both models allowed no more 
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than one percen t of t he to tal avail able acreage to go unus ed . Bo t h the 
mar tric ted labor model and the r es t ricted h i red labor model made maxi­
uae o f  the numbe r of ac res o f  nat ive pas t ure wh ich could be improved . 
loth models improved 3 2 0  ac res o f  nat ive pas t u re .  Sufficient l ab o r  was 
ailabl under the most s eve re labo r rest ric t ion to al low the model t o  
illprove only 28 7 ac res o f  nat ive pasture . Due to the large numb e r  o f  
livestock units suppo rted b y  the u nres t ric ted l abor mo del this model 
required 135 acres of nat ive pas ture in addit ion to the imp roved nat ive 
P&ature in order to mee t  i t s  pas t u re requi remen ts . Becaus e , in all 
probability . of the s iz able decrease in the t o t al numb e r  of l ives t ock 
•upported by the f irm unde r t he res t r ic ted h ired lab o r  model , this model 
�idently ful filled the p as t u re requi rements o f  i ts l ives t o ck ent er­
prises with the imp roved nat ive pas t ure and required no add i t ional nat ive 
Pasture . This mode l left  30 percen t  o f  i t s  t o t al availab le past ure acre­
age unused . The ope rat o r and family labo r model required 1 7 2  acres o f 
Dative pas ture in addit ion t o  i t s  improved nat ive pas ture even though 
the to tal number o f  l ives tock suppo rted b y  the firm was small c ompared 
to the o ther two model s . Th is was b ecause the en tire l ives tock ent e r­
J>rise mix requi red pas t ure . None o f  t he model s i rrigat ed any pas t u re 
acreage . 
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Livestock c t ivit ic s  
'nl opt imum l i ves t oc k en terp r lse mixes f o r  the t hree planning 
models are pres en ted in Table XXXIX . Res t r ic t ing the amount o f  l abor 
available to the wheel move i rrigat ion planning model b rou ght about 
•ignificant changes in the l ives t o c k  en t e rp ri se mixe s  of the mo del . With 
unrestricted labor and unres t ric ted capit al avai lab le to t he model , a 
total o 1 , 992 head o f  livestock were supported b y  the firm . O f  these , 
1 , 374 were purchased calves and 618 h ead were pu rchased p e r io d  two 
iearling feeder • Of the 1 , 3 74 calves , 7 5 6  were raised to yearl ing 
feeders in ix mo ths on the farm and sold at 650 pounds on April 15 . 
The remaining 618 calves were wintered on a l igh t grain rat ion fo r s ix 
-.OUths and wer t rans fe r red t o  d rylo t in period one (Ap r il 1 5  t o  Oc tober 
15)  to be fed out on s ila ge and s old for slaught e r o n  Oc tober 1 5 . The 
618 yearl ing feede rs purc hased were fed out on s il age in t he same dry­
lot act ivi ty but in pe riod two ( Oc tober 15 to April 15 ) and sold for 
•laughter on Apri l  1 5 .  
When the wheel move ir rigat ion pl anning model was res t ri ct ed t o  
operator and famil y  l ab o r  p l us  a l imit ed amount o f  hired labor a to t al o f  
953 l ivestock un i t s  were s up po rt ed by the firm .  Of thes e , 922  uni t s  we re 
purchased calve s and the remaining 31 un it s were a b ee f  cow and c al f  
herd compos ed o f  31 cow and cal f pairs which suppl ied t he model with 23 
calves fo r use in o t he r  l ives tock act ivit ies . Of the 945 calve s  avail­
able to the firm ,  65 calves we re fed t en mon ths in d rylot without silage 
and sold at 1 , 05 0  po unds . The remaining 880 calves were raised to year­
ling feeders in six mon ths on the farm and sol d at 650 pounds on April 15 .  
Table XXXIX. Lives tock Plans for the Optimum Wheel Move Irrig•t�on Planning Model Unde r  Vary ing 
Degrees of Labor Restrictions 
Lives tock Activity! 
Total calves purchased 
Total yearlings purchased 
Beef cow unit : Feeder calf sold , Octob er , 
replacements  first calf as two-year old 
Feed calves : Buy calves , October ,  t en 
months in drylot , no s ilage 
Trans fer calves : Buy calves , October ,  winter 
on light grain rat ion , t rans fe r to d rylot , 
feed ou t in Pericd 1 ,  silage rat ion , sell for 
slaughter ,
_ 
Oc tober 
Raise yearling feeders : Buy calves , Oc t obe r , 
winter on light grain ration , sel l 650 pound 
feeders , April 
F eed good to choice yearling steer : Buy 650 
pound feeders , Oc tober , feed out in Period 2 ,  
s ilage ration , sell fo r slaughter , April 
Unit 
Head 
Head 
Cow-
Cal f 
Head 
Head 
Head 
lWo­
Head 
No Hired Rest ricted Hired Unrest ricted 
Labor Labor Labor 
1 87 922  1 , 3 74 
0 0 6 1 8  
7 9 3 1  0 
0 65 0 
0 0 6 1 8  
2 4 4  8 8 0  7 5 6  
0 0 618 
1
The livestock ac t ivit ie s availab le to the model are given in Appendix F, Tab les I through XI I I .  
,... 
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Signi f ican t in t his compa riAon was the sub st ant ial decrease in 
the to tal numb er o f  l ives t ock uni ts support ed b y  the mo del as t he t i ghter 
labor res t r  c t ions we re imposed upon i t .  The numb er o f  l ives t o ck uni t s  
aupported b y  the unres t ric t ed l abo r mo de l decreased by 5 2  p er cen t when 
the amount of lab o r  avail ab le to the model was res t ri c t ed t o  oper ato r and 
family labor pl us a l imit e d  amo tm t  o f  h i red labor and by 87 pe rcen t when 
the labor supply was res t ri c ted to ope rator and f amily l ab o r  only . 
As labor bec ame mo re s c arce emphas is in the l ive s t o c k  ent erp r i s e  mixe s 
w shift d f rom d ry l o t b as ed l ive st ock enterprises t o  ent erp ris e s  having 
a pas ture requi rement . As labor became mo re re st r i c t ive , ma rs calves 
re genera ted t hro u gh the b ee f  cow and cal f enterprise and fewer cal ves 
were purcha ed out ri ght . Under cond it ions of res t ricted lab o r  suppl i e s  
the purchase o f yearling feeders c eased . 
Labor 
A summary o f  the u s e  o f  operator and f am i ly l abo r and o f  h ired 
labor by the pl anning mo de ls in ea ch of the ten l abo r pe r io ds is g iven 
in Table XL. When t he wheel move irrigat ion plann ing mod e l  was re s t r ic ted 
to operator and family l abo r ,  this labo r was fully u t i l iz e d  in only hal f 
of the ten lab o r  pe riods . These per iods were pe riod t hre2 ( Ap d. l  1 t o  
April 30) , perio d  f ive ( June 1 t o  June 15) , pe r iod e i g h t  ( Ju l y  1 6  t o  
July 31) , period nine ( Au gust 1 t o  Augus t  3 1 ) , and period t en ( Se p t embe r 
1 to November 15 ) . Th is mo del u t il ized a t o tal o f  2 , 75 9  man-ho urs o f  
labor which was 7 9  pe rcen t  o f  t he l abo r availab le t o  i t . 
Table XL. Labor Requirements by Labo r Pe riod for the Opt imum Wheel Move Irrigat ion Pianning 
Model Under Varying Degrees o f  Labor Rest rict ions 
Planning Model Labor Pe riodl 
Ill /12 03 114 05 116 117 na 119 /110 
Operator and Family Labo r  Availab le 
(M�n-Hours of  Labor) 450 483  353  3 44 218 217 2 1 7 218 4 35 541 
Hired Labor Avail able 
734 636 39 2  3 94 1 9 9  198 1 98 201 4 00 7 68 
No Hired Labor 
Operato r  and family 3 38 334 353 107 218 63 152  218  435  541 
H ired 0 0 0 0 0 0 0 0 0 0 
Total 338 3 34 353 107 218 63 15 2 218 435 541 
Res tr icted Hired Labor 
Operat o r  and fami ly 450 48 3  353  344 218 193 21 7  203 4 35 541 
Hired 254 1 8 7 0 34  1 9 9  0 190 0 53  7 68 
To tal 704 67 0 353  3 78  4 1 7 1 93 407  203  4 8 8  1 , 309 
Unres tricted Labo r 
Ope rato r and family 450 4 83 353  344  218 217 21 7 218 435  5 4 1  
H ired 1 1364 1 10 39 2 0 2  481 4 30 148 4 70  7 9  2 8 0  2 ! 1 9 8  
To tal 1 , 814 1 , 5 2 2  555 825  6 4 8  3 65 687 2 9 7  715 2 ,  7 3 9  
1The exac t dates for each labor period are given in Table I II , page 31 . 
Tot al 
3 , 4 76 
4 , 120  
2 , 759 
0 
2 , 7 5 9  
3 , 43 7 
1 16 85 
5 , 1 2 2  
3 . 4 7 6 
6 1 6 9 1  
10 , 1 67  
t-' .z:.. to-' 
Wh n the wheel move i rr i g at ion planning mode l was a llowed a 
1 ted a ount o f  h i red l ab o �  in addi t ion t o  i t s  ope ra t o r  and f mnily 
labor , the operat o r  and fami ly l abo r was almo s t  fully u t i l ized � prh e  
14 2. 
o rator and f mily l abo r  was no t q uite ful l y  u t i l iz ed in pe rio ds s i x 
( .lane 16 to J ne O) and e i gh t . A to tal o f  3 , 43 7 m an-hou rs o f  op e rat o r  
and family 1 b o r  was u t il i z e d  wh ich repr es en t ed appro xima t e l y  9 9  pe rcent 
o f  the operato r  and f amily l ab o r  avai lab le t o  i t . Thls mod el was as sumed 
to have one fu ll -t ime h ired man working on t h e  farm as was the unre-
t ic ted labor model . The mo de l h ired l a b o r  in add i t io n t o  th t s up pl ied 
by the hir d man in pe riod f ive , pe riod s even ( Jul y 1 to J ly 1 5 ) , an d  
period ten . Tile mo de l u t il i z e d  1 , 3 94 man-ho urs o f  l ab or s upplied b y  
the hired man whi ch re p res en ted 4 3  p e rcen t o f  t h e  t o t al amoun t o f  l abo r 
supplied by h im .  The mo de l h ired 2 9 1  man -hou rs o f  l ab o r  in add it ion 
to tha t supplied by the h i red m n . No l abor was h i red at al l in e ithe r 
period thr , p e r io d s ix ,  o r  perio d  e ight . When t he mo de l was a . l owed 
to d raw 1 bor from n unlimi ted l ab o r  s upply the o pe rato r and f amily 
labor avai lab le to it was f ul ly u t il i z ed . The lab o r  s upp l ied b y  the 
hired man was f ul l y  u t il iz ed in a l l  pe rio ds except pe ri od s t h ree , s ix ,  
eight , and nine . A t o t al o f  2 , 94 5  man-hour s of l ab o r  s upplied by t he 
hired man was ut i l i z ed which r e p resented 91 percent of the t o t al amoun t 
of labor suppl ied by h im . In addi t ion to the lab o r  suppl ie d  b y  t he 
hired man , the mode l h i re d  3 , 7 4 6  man-ho urs o f  l ab o r  f rom o ut s ide the 
farm firm . 
Capital Requi remen t s  
Tabl e XLI gives t h e  ind ivi du al capital re qui remen ts , t he t o t al 
annual capit al req ui remen t s � and the t o ta l  cap it al re qui rements fo r  the 
Table XLI . Capi tal Requiremen ts fo r the Op t ilDum Wheel Move Irrigat i� Planning Mo del Under Varying 
Degrees of Labo r Res t ric t ions 
Cap i ta l  
Annual operat ing cap i tal 
Period 2 operat ing cap i tal 
Livestock facility capi tal 
Lives tock animal cap i tal 
Crop machinery capital 
Irrigat ion operating cap i t al 
Irri gat ion sys tem cap i t al 
TOTAL ANNUAL CAPITAL 
Land Capital : 
Dry land 
Irrigable 
Pasture 
TOTAL LAND CAPITAL 
TOTAL CAPITAL REQUIRED 
No Hired Labo r 
$ 15 , 527 
484 
3 , 944 
42 , 86 3  
1 3 , 55 2  
6 , 266 
-2!..z.62 0 
$104 , 25 6  
$12 7 , 350 
4 6 , 435  
20 .000 
$193 ' 7 85 
$298 , 041 
Res t rict ed H i red 
Labor 
$ 29 , 584 
4 , 044 
1 3 , 411  
88 ,460  
1 8 , 73 7  
18 , 388 
�060 
$235 , 6 84 
$ 55 , 050  
1 35 , 605 
20,000 
$21 0 ,, 655 
$4 4 6 , 3 3 9  
Unrest ricted 
Labo r  
$ 57 , 92 4  
9 , 70 7 
51 , 6 69 
2 4 3 , 6 5 7  
1 7.- 6 39 
18 , 460  
�576 
$459 , 6 32 
$ 59 ,400 
130 , 2 40 
20,000 
$209 , 640  
$669 , 2 7 2  
.-i 
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planning mode 
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b e ing cons ide red . The d ominance o f  l i vest ock en t e rprises 
ewer the other ent e rprises in t he en t e rp ri se m i xes of the three model s 
indic ted by the fact that l ives tock fac il i ty and l ives t ock animal 
capital requirement s  accoun ted for the g re a t e s t  part of the total annual 
capital requir ment s . To t al l ives t ock cap it al re quirement s  amoun ted to 
$46 ,807 when only operator and family labor was made avail ab le to the 
firm ,  $101 , 8 71 when a l imited amo llllt of h ired l abor was ad de d  to operato r  
and family labo r , and $ 2 9 5 , 32 6  when an unl imi t ed lab o r  s upply was avail­
able to t he firm. Th is acco un ted f o r  45 percen t o f  t he t o t al annual 
capital r quiremen t s fo r the o pe rato r and f am il y  labo r mo de l , 43 percent 
of the t otal annu 1 c ap it al requirements for the re s t r icted h i re d  lab o r  
.,del , and 64 pe rcen t  o f  t h e  t o t al annual capit al re quirement s for t he 
unrestric ted labo r mo del . 
The decreas e  in t he pe rcentage o f  t o t al annual cap ital devo ted 
to lives t ock ente rpris es as t he labo r s upply t o  the mo del was res t ri ct ed 
indicated the dec re s ing import ance o f  l ives t oc k en terpr ises in the 
llOdels ' ente rp rise mixes as mo re cash grain c rop en t e rprises we re in t ro­
duced into the mixes . The inc rease in this pe rcen t a ge when the l imited 
hired labor supply was removed f rom the model leaving only o p e rat o r  and 
family labor re f lec ted a s igni f i cant level o f  develop ment o f  the cash 
grain crop ent e rpri ses . With the aid of i rrigat ion under the res t ri cted 
hired labor model cash crop ent erprises overshadowed the l ives t o ck enter­
prises in this ente rprise mix as compared to th8 opera tor and family 
labor model .  The percent age o f  t ot al annual capital devo t ed to l ivestock 
capital requirements increased from tha t  o f  the l imit e d h ired labo r model 
labor w s rest ricted t o  only operator  and family labor p rimarily 
b use the eve re l abor  res t ric tion subs t an t i ally  decreased the cash 
ara n crop en t  rprises as we ll as the l i �estock e t e rprises . Th is 
increased the relat ive impo rtance o f  t he l ivestock enterp rises compared 
cash crop ente rprises over t hat of the res t ricted hired labor  
mod 1. 
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The high developmen t o f  cash grain crops unde r the l imited h ired 
labor model wa ref lec ted further  in t he increase in crop machinery and 
irrigation sy tem capi tal  requirements in this model as compared t o  the 
oth r two model • The s l ight  dec rease in i r rigat ion opera t in g  cap i t al 
and the incre se in i rrigat ion syst em capit al when the labor res t rict ion 
vaa t ightened from unres t r ic ted to l imited h ired l abor in ad dit ion to 
operator and family labor woul d appea r to indicate a s ub s t i t ut ion o f  
capital for labor i n  the use o f  t he whee l move irrigat ion sys t em as this 
change in labor res t ri c t ions was made . 
The total annual capital requirement s  for the model utilizing 
only opera tor and family amounted t o  $1 04 , 256 . This amount inc reased in 
the limited hired labor mo de l t o  $23 5 , 684 and inc reased furthe r in the 
unres tricted labo r  model to $459 , 6 3 2 .  Th is represented an inc rease from 
the annual capit al requi rements o f  the o perator and family l ab or model 
of approximately 1 2 6  percent for the res t ricted h ired lab o r  model and 
approximately 34 1 percent for the unres t ric ted labor mo del . 
The percentages o f  t o t a l  annual cap it al �e qui rement s  devoted t o  
the irrigation capit al requiremen t s , irrigat iort system and i rrigat ion 
Operating capit al , indi ca ted an increased emphas is placed on i rri ga tion 
cash grai � rop en terpr ises repl aced c at t l e  feed ing enterp r i s es a s  
labor becam s arce . Ir ri gat ion capital requireme n t s  a cco un t ed f o r  2 7  
rcent , 34 percent , and 1 7 pe rcen t  o f  the to t al annual cap i t al re quire­
ts under the ope r t o r  nd family labor model , th . rest ri c t ed h i re d  
labor model ,  d the un re s t ric ted labo � model respec t ively . Bec ause o f  
tbe o� rall reduc t ion in l ives tock feeding ope rations as labor b ec ame 
llOre restric t ed , the pe rcen t ages o f  t he total cap t al requi r�ment s  
de'«)ted t o  fixed land inve s tment increased under the t ight e r  lab o r  
restric tions the l ive s t ock enterp r ises we re re placed wit h cas h  g rain 
terprise • The fi xed land inves tment accoun ted fo r 65 pe rcen t o f  the 
total capital requi remen t s  o f  t he ope rat or and family labor mode l , 4 7  
percent o f  the total c ap it al requiremen ts o f  the r.es t ric ted h i red l abo r 
llOdel ,  and 31 pe rcen t o f  the t ot al c ap it al requirement s  o f  the unre­
•tricted 1 bor model . 
Summary of Expens es 
A lis t in g  o f  the ind ividual expense componen t s f o r  the three 
Planning model s  cons id er ed he re is presen ted in Table XLI I .  Tile t o t al 
crop and lives t ock expenses for the o pe rator and f amily labor model 
mnounted t o $ 55 , 5 7 0  o r  8 0  percen t o f  t he t o t al expens es o f  the model � 
When the labor s upply was increased t o  include a l imi ted amount o f h ired 
labor ,  the t ot al c rop and l ives tock e xpenses became $2 03 , 395 o r  8 5  per­
cen t o f the tot al expens es in the model . When the labor s upply avai l -
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ble to the model was unl imited , the tot al c rop and l ives t o ck expenses 
became $461 , 5 64 or 87 pe rc en t  o f the t o t al expenses t o the firm. The 
Purchas e o f lives to ck wa s  t he s ingle greates t  expens e in all thre e model s . 
Table XLI I .  Sumaary o f  Expenses fo r the Opt imum Wheel Move Irrigat ion Planning Model Under Varying 
Degrees of Labor Res t ric tions 
Expenses No Hired Labo r  Res t ricted Hired Unre s t ricted 
Labor Labo r 
Livestock 
Purchas e lives tock $30 , 716 $151 , 245  $359 , 65 3  
Operating expenses 2 , 729  7 , 5 76  4 6 , 306 
Insuran�e and truces 1 , 390 3 ,760 9 1 81 9 
TOTAL LIVESTOCK EXPENSES $3 4 , 835 $16 2 , 5 81 $415 , 7 7 8  
Cro.E.!. 
Dryland operating $ 3 , 96 1  $ 2 , 389 $ 2 , 5 24 
Irrigation operat ing 4 , 96 1  1 5 ,1 2 8  1 7 , 1 3 1  
Total variable expenses $ 8 , 92 2  $ 1 7 , 5 1 7  $ 1 9 , 6 5 5  
Dryland fertilizer $ 4 , 3 2 7  $ 3 , 5 02 $ 3 , 62 6 
Irrigation fertilizer 3 ,5 9 1  11 , 5 1 0  14 , 1 2 1 
Total fert ilizer expenses $ 7 , 918 $ 1 5 , 012 $ 1 7 , 7 4 7  
Machinery and insurance and t axes $ 522  $ 7 1 7  $ 7 01 
Irrigation insurance and taxes 1 , 256  3 , 663 3 , 5 1 9 
Crop insurance 2 , 1 1 7  3 ,905 4 ,1 6 4  
Total insurance and t axes $ 3 , 895 $ 8 , 285 $ 8 , 38 4  
TOTAL CROP EXPENSES $20 , 735 $ 4 0 , 814 $ 4 5 . 786 
TOTAL HIRED LAB OR EXPENSES $ 0 $ 3 , 3 72  $ 1 3 , 380 
$-J � ...., 
Table XLI I .  (cont inued) 
Expenses No Hired Labo r  
DeEreciation 
Crop machinery $ 1 , 858 
Livestock facility 1 , 04 7 
Irrigat ion system 2 , 751 
TOTAL DEPRECIATION $ S , 6 5 6  
Interes t 
Annual operat ing $ 1 � 242 
Period 2 operating 1 9  
Lives tock facility 256 
Lives tock animal 3 , 429 
Crop machinery 1 , 084 
Irri gat ion operat ing 501 
Irrigac ton sys tem 1 , 7 30 
TOTAL I NTERES T $ 8 , 2 6 1  
TOTAL EXPENS ES $69 ,487  
Res t ricted Hired 
Labor 
$ 2 , 540 
2 , 94 3  
-
_8 , 02 3  
$ 1 3 , 5 06 
$ 2 , 367  
162  
8 7 2  
7 , 07 7  
1 , 4 9 9 
1 , 4 7 1  
5 , 045 
$ 1 8 , 4 93 
$238 , 766 
Un rest ricted 
Labor 
$ 2 , 568  
10 , 2 16 
7 ,  7 06 
$ 2 0 , 4 9 0  
$ 4 , 6 34 
388 
3 , 35 8  
19 , 4 92 
1 , 411 
1 , 4 7 7  
-
4 118 4 ti  
$ 3 5 , 6 06 
$531 , 040 
.... .r:-­
o:; 
Tot 1 crop expenses increas ed as mo re l abo r became avail ab le to 
the model but th pe rcen t age o f  t h is t o tal devo t ed to dryland c rops 
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r ined vi tually the same at 1 7  pe rcent in the unrest r i c t e d  l ab o r  model 
and 18 percent in the res t r ic ted h ired labor model . The s l i gh t  increase 
in the percentage o f  t o t al crop expenses as so c iated with d ry l and crops 
under the res t ri c t ed h i red l abor model as compared to the unre s t r i c t ed 
labor model even tho u gh the n umber o f  acres ir rigated incre as ed wo ul d 
em to �nd icate a mo re in tens ive farming o f  d ryland acreages in s up po rt 
of a subs tantially increased c as h  c rop ope rat ion as t he l ab o r  supply to 
the model becam mo re res t ric t ed . When the labo r supply t o  the mo de l 
� • fully restric t ed t o  o n ly o pe rato r and family l abo r , the d ryland c rop 
expenses and the i r ri gated c rop e xpenses were almo s t  equal and account ed 
for 49 percent and 5 1  pe rcent o f  the to t al c rop expens es respect ively .  
las ing the h ired labo r res t ri c t ion t o  unl imi ted l ab o r increas ed the 
hired labor expense f rom $3 , 3 72 t o  $1 3 , 380 fo r an increase of ap proxi­
.. tely 300 percen t .  
All componen ts comp ris ing the total de prec iat ion expens e  in 
all three models inc re as ed as the amo unt of labor availab le t o  the mo del 
increased .  TI1e most s i gn i f icant increase came in the l ives tock facility 
deprec iat ion charge . Livestock facil i t y  dep rec iat ion expens e s  accounted 
for approximate ly 18 pe rcen t of the t o t al depreciat ion expen s e s  for the 
operator and family labo r model , 22 percent fo� the res t ri c t ed h i re d  
labor t00del , and 50  percent fo r t he un rest rict ed lab o r  model . This re flected 
both the d ecreas e  in the to tal numbe r  o f  l ives tock units suppo rted by the 
llOdel when the lab or supply was res t r ic ted and al so the dec re ase in 
th r lative dooinance o f  s t rictly f eed lot based i · vestock ent e r­
pri es over the other lives toc k enterprises as labo r b ec ame s carce . 
otal intere s t  charges increased f rom $8 , 2 61 f o r  the o p e r a t o r  
and family labor model to $18 , 493  for the l imi t ed h ired labor model and 
to $35 , 606 for the unres t ric ted labor mode l . Al l  component s  compria­
illg the to tal inte rest  charges with the except ion o f  the i r ri gat i.on 
syatem inter t char ges increased as labor was made more p lenti ful to  
th models . Irrig t ion sys tem capital interest was great es t for t he 
r atricted hired labor model and reflected the fact that this model 
.. intained th h ighest level o f  i rrigat ion o f  all three models . 
linancial Statemen t s  
Table XLII I  provided a s ul'lltlary o f  the ope rating st at emen ts and 
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comparisons o f  r turns to the t hree planning models b e ing cons ide red . 
Total enterpri e returns amounted t o  $1 7 , 5 1 2  for the operato r  and family 
labor model ,  $26 ,44 7 for the res tric ted h i red l abo r  mo del , and $ 3 2 , 8 2 4  
for the unre tric ted l abo r model . This re f lected a decreas e  in net  
returns from that o f  the unrest ric ted l abo r model o f  2 0  percen t  for the 
restricted h ired labo r model and 4 7  percent for the operator and family 
labor model . The eutet'prise re t urns figu1·es were the returns to the firm 
available to cover non-allocated 0L o ve rhead c o s t s  not d irectly accounted 
for in the planning models . These costs amounted to $18 , 44 6 , $19 , 8 81 , 
•nd $19 , 795 for the ope rato r and f amily labor mode l , the res t ri c t e d  hired 
labor model , and the unre�, t ricted labor model �espec t ively . The greatest 
percenta ge of these cost s  �a s made up o f  the int e r.e s t  char ged a gainst the 
Table XLIII .  Operating Sta tements for the Opt imum Wheel Move Irrigation Planning Model Under Varying 
Degrees of Labo r  Res t ri c t ions 
Item 
GROSS INCOME 
Expense s 
Livestock 
Crops 
Hired labor 
D epreciat ion 
Int eres t 
To tal expenses 
ENTERPRISE RETURNS 
Overhead Expensesl 
Non-allocated cost s 
Interest on land 
Land taxes 
Tot al overhead expens es 
RETURNS TO LAB OR AND FARM MANAGEMENT 
1see Appendix E ,  Tables II  and II I .  
No Hired Labor 
$86 , 9 99 
$34 , 8 35 
2 0 , 7 35 
0 
5 , 6 5 6  
8 , 2 6 1 
$69 , 4 8 7  
$1 7 , 512  
$ 1 , 9 7 5  
1 3 , 5 6 5  
- 2 ' 906 
$18 , 4 4 6 
- $ 9 34 
Res t ricted Hired Unrest ricted 
Labor Labo r  
$ 2 6 5 , 2 1 3  $ 56 3 , 8 64 
$1 6 2 , 5 8 1  $4 1 5 , 7 7 8 
4 0 , 814 4 5 , 7 8 6 
3 , 3 7 2  1 3 , 38 0  
1 3 , 5 06 2 0 , 4 90 
1 8 , 4 93 35 , 606 
$238 , 7 66 $ 5 3 1 , 04 0  
$ 2 6 , 44 7  $ 3 2 , 8 2 4  
$ 1 , 9 7 5  $ 1 , 9 7 5  
14 , 7 4 6  14 , 6 7 5  
3 , 1 6 0  3 , 1 4 5 
$ 1 9 , 881  $ 1 9 , 7 9 5  
$ 6 , 5 66 $ 1 3 , 02 9  
.... 
\J1 .... 
land investment which accounted for 74 pe rcent o f  the tot al overhead 
cost s in all three models .  
The final ret urns to farm management and to opera tor and family 
laboT was $6 , 56 6  fo r the rest ricted hired labor model and $1 3 , 029 for 
the unres t ricted labor model . The operator and family labor model was 
unable to return any amount to operator management or to operator and 
faaily labor .  This model was able t o  return only s ix  and five-tenths 
percent on the total land inves tment .  From Table I II ,  page 31 of  this 
tudy it was s een tha t  each planning model had 3 , 4 76 man-hours of opera-
tor and family labor and 900 man-hours o f  overhead bor fo r a total o f  
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4 ,376 man-hours of labor for which some charge must be made , if poss ible , 
' 
against ent rprise returns . The unrest ricted labor model al lowed the 
operator to charge a f ull $2 . 00 per man-hour , the s �e labor charge 
•de fo r hired labo r for this labor and still re t urned $4 , 2 7 7  to the 
operator ' s management .  The l imited hired labor model allowed the ope ra-
tor to char ge $1 . 50 per man-hour for this labor but would ret urn nothing 
to the operator ' s  managerial abil ity . 
Su-.ary 
This chapter c onsidered the changes made in the opt imum enter­
prise mixes o f  the representative farm firm ut il izing the wheel move 
irrigat ion sys t em when three dif ferent levels of  labor res t rictions were 
iaposed on the f inn .  In reviewing the resul ts of these changes it should 
be emphasized that the wheel mo ve irrigation srstem was les s  lab
or 
intensive and more capit al intens ive than was the tow l ine irrigat ion 
ayatem but more labo r intensive and les s capital intens ive than was the 
center pivo t sys tem .  
The most s i gnificant change that developed in this chapt er was 
the increase in the level o f  i rrigat ion when the labo r supply to the 
fira was res t ricted f rom an unlimited labor s upply to one cons is t ing of  
operator and family labor pl us a limited amount of hired labor only . 
was discus sed in Appendix D o f  this study . Also o f  s ign i­
ficance was the amount o f  availab le cropland allowed to go unused unde� 
the moa t  severe labo r rest rict ion . The t rend , also established in the 
lyees o f  the othe r i rrigat ion systems , developed in this chapter 
tow rd the replacement o f  l ives tock feed ing operat ions with cash g rain 
crop operations as labo r became s carce . The l ives tock en t erprise mixes 
th elves reflec ted a t rend similar to those es tabl4shed in the othe r 
COllparisons where in feed lot based l ivestock enterprise g ave way to  
pasture based livestock enterprises under conditions o f  labor rest ric­
tion. 
The cons t ant ac reage level of  ba rley produc t ion under d ryland 
Conditions in all three models co upled wit h the feeding of the ent i re 
barley product ion unde r the unres t ricted labor model and the selling 
of the entire barley produc t ion when any rest rict ion was placed on the 
labor supply appeared to ind icate an increased impo rt ance to the firm 
of non-irrigated cash crop barley as tighter labor res t rictions were 
bapoaed on the firm .  The t rend o f  substant ial increases in the produc­
tion of wheat under res t ric ted labor condit ions es tablished in the other 
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ual l bo pc iod ba . w s g.ai th s i gnif.' ca'ut factor re .. t .  ic t ing t he 
lop nt of th than the 
to t e t · rm as 1,1n annual to;r. 1 .  �his was " ud i��t ed a ga5.n .. the alloca-
tion of ente . prise by he model . �- e e were rlc�otnplishe� a anne·r 
t t reduced to miu mum the non use , , on-t r ns f e��bl e  per-pe1riod labor 
totals gener ted by the �nte rprisc mixf.s . 
Introduction 
Chapter 8 
ANALYSIS AND COMPARISON OF THE TOW LINE , CENTER 
IVOT , ND WHEEL MOVE IRRIGATION PLANNING 
MODELS UNDER VARYING DEGREES OF 
CAPITAL RESTRICTIONS 
One o f  the s t ated obj ectives of this study was to establish 
guidelines for irrigation pl anning . In o rder to establish accurate 
guidelines , the model u ed here had to closely s t imulate the real-world 
CODditions o f  the study area . Realistic labo r and capital res t ric t ions 
wer a maj o r  p rt o f  this s t imulat ion . Tile detailed e f fects o f  l abor . 
r atrict ions upon irrigat ion usage and the ensuing ent e rp rise mix al ter-
ationa have been cons idered in the previous chapters . Tile ef fe�t s o f  
capital res trict ions are examined in this chap ter . 
The ef fec ts o f  res tric ted capitAl we re subj ec ted to a sub-
•tant ially less detailed analys is than that given the e f fects of labor 
reatrictions . This decis ion was ar rived at after an analys is o f  the 
capital levels required by the firm to support its enterprise mix under 
the differing conditions o f  labor rest rictions . This analysis indicated 
that the labor short ages hal ted the development of the firm , as measured 
by the maximization o f  net returns , at capital requirement l evels �ell  
Within the capab ility o f  the firm to meet . This would appear to indicate 
that the labor available in each labo r period was the s ingle mos t  res tric­
tive factor gove rning the level of development . 
of the irri gated farm firm. 
'l'bia would appear to  relegat e  the amount o f  capital available  t o  the firm 
to 8 posit ion of �econd ary importance . 
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A review o f  the capital assumpt ions et forth in Appendix B 
would be recommended here to re-emphas ize the procedure used to e s t ablish 
the to ta l  amount of capital available to the firm under various cap ital 
restrict ions . This is neces sary because the procedure used here in 
determining the capi tal generating requirements of the f i rm  accompany ing 
the labor res t rict ions was es sent ially a reversal of the p ro cess o f  
Appendix B .  The total capital available to the f i rm  was applied to the 
total annual cap it al required by the model to support the ente rp rise mix 
e tablished under the appl ied labor restriction . The borrowing plan 
utiliz ed here remained the same as that used to initially compute the 
total capi tal availabil ity . The original value o f  the firm remained 
that estab lished by the unrest ric ted dryland model of the firm .  Ut i l iz­
ing these figures and assumpt ions the original process of computat ion 
was reversed in orde r to a rrive a t  the spec ific pe rcentage-o f-capit al­
owned figure as sociated with each labor restrict ion level . 
The labor res t rict ion used to determine the importance of  the 
availab ili ty of labor on the development of the irrigated firm was the 
restriction which allowed the firm a labor supply cons ist ing of operat or 
and family labor plus a l imit ed amount of hired labor . Thi s  res trict ion 
was chosen b ecaus e it was the moderate labor rest rict ion used . The tow 
line irrigat ion plann ing model maximized net returns to the firm under 
this part icular labor restriction at  a total annual capital requirement 
level of $239 , 5 74 . This represented an ownership of cap it al level o f  
approximately 35 . 5  pe rcent . The center pivot irri gat ion planning model 
11aXimized net returns to the f irm under this labor restrict ion at a total 
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annual cap i tal requirement l evel o f  $204 , 965 which represented an owner­
ship of capital level of  approximately 19  percent . The wheel move irriga­
tion planning model maximized net ret urns t o  the firm unde r  this labor 
restrict ion at a to tal annual capital requirement level o f  $235 , 684 
which represent ed an ownership of capital l evel of approx imately 33 . 5 
percent . The s igni f icant dec rease in the pe rcent age o f  ownership o f  
capital computed fo r the capital intens ive cen ter pivo t  i rrigat ion system 
reflected the sub s t ant ially reduced level o f  irrigat ion generated by 
this model as compared to  the o ther two system model s . The center pivot 
irrigation planning model i rrigated only 2 7 2  acres as comp ared t o  7 3 3 
acres fo r the whee l  move i rrigat ion planning modei and 865 · acres for the 
tow line irrigat ion planning model . 
Assuming that the percentage o f  ownership , 
o f  capital for the 
representat ive farm firm in the s t udy area would range b etween 40 percent 
and 50 percent it can be seen that the labor rest rict ion h al t ed the 
development of the f i rm  at levels of capit al requirement we l l  within 
the capab ili ties o f  the represen tative farm firm to meet . Tilere fo re it  
would appear safe t o  s tat e that the labor rest rict ions , in general , 
halted development o f  the firm be fore the capital generat ing capab il ity 
of the farm firm e f fectively became a significant res triction . In other 
WOrds ,  in the s t udy area and subj ect to all  the as sumptions of  the mo del ,  
the labor supply available t o  the firm in each labo r period r athe r than 
the amount of  cap it al which the firm could generat e was the primary 
restrict ing factor af fect ing the use o f  irrigat ion . 
U8 
Primary euiphas is in thio s t udy wa placed on the rol e  played by 
labor res trict ions in limit ing the l evel of appl i at ion o f  i rrigat ion to 
th representative farm f irm .  Analys is w also made o f  the e f fects  on 
the level of appl icat ion o f  the three representat ive i rrigat ion sys t ems 
when the labor supply to the firm was unrest ricted and t he amount o f  capi­
t 1 available to the firm was restric ted . Due , however , t o  the rel at ively 
low levels of total c apital us age at which the labor rest rict ions hal t ed 
the development of the i rrigat ed farm firm these analyses would have 
relatively little signific ance , as c ompared to the analyses of the labor 
r tric t ions . The res t ricted capital levels would not even b e  reached 
by the model unless the labor res t rictions were further eased . 'nle 
analysis of the capit al rest ric t ions was generally l imit ed to the 
eaphaaizing of shi fts in t he enterprise mixes of the farm firm at various 
levels of capital rest ri c t ions . 
In the following analysis three different levels o f  cap it al 
r atrict ions w re appl ied first to the tow l ine irrigation planning 
llOdel ,  then to the cente r  pivot irrigation planning model , and finally 
to the wheel move irrigat ion planning model . The purpose o f  this 
analysis was to present t rends in the development o f  the i rrigat ed 
fana firm which appeared as t he varying capital res trictions were 
applied to the model rather than to make a detailed analysis as was 
done in the cas e o f the labor restrictions . The least severe cap ital 
r trict ion placed on the model was one which al lowed the farm an 
Ulll.imited supply o f  capit al provided its rate o f  return was equal to 
or greater than its  interes t rate .  The remaining two cap it al res t ric­
tions were based on the o riginal computations of the capital generat ing 
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capac ity of the opt imum d ryland farm f irm as outlined in Appendix B .  
The most severe capital res t ric tion applied to the model as s umed a 60 
percent level of ownership of capital on the part of the farm operator 
which enabled the firm to generate a total o f  $292 , 028  o f  annual capital . 
'nle second level o f  capi t al res t ric t ion pl aced upon the model as sumed 
a 80 percent level o f  ownership o f  capital which enabled the firm to 
generat e a tot al of $334 , 545  o f  annual capital . These three levels o f  
cap ital res tric t ions were appl ied to each o f  the three irrigat ion 
91atems individually and were coupled in each case with the ass umpt ion 
that each model had an unl imit ed supply of labo r available to it . 
In orde r to  facil itate the analys is , operator and family labor 
plus a limi ted amoun t of hired l abor comb ined with unre s t ricted capital 
was included as a comb inat ion in this comparison o f  res t rict ion comb ina­
tions . This was int ended to make the trans it ion from l abor res t rict ions 
to capital res tric t ions more evident . In order to  prevent confus ion in 
r ferring to the four res t rict ion combinations th rou ghout the following 
analysis each res t ric t ion comb in at ion was re fe rred to by a s pec i f ic 
heading .  Res t ric t ion comb inat ion "A" re fe rred t o  operat or and f amily l abor 
plus a limit ed amount o f  hired l abor comb ined wi th unrest ricted capital .  
This particular comb inat ion represented d ifferent approximate ownership­
of-capital levels for each o f  the d i f ferent planning models .  Bu t ,  in 
all cases these ownership levels were lower than those u t il ized as 
capital res t rict ions . Rest rict ion combination "B" referred to  unre­
stricted labo r  comb ine d  w: th a $292 ,028 annual .capit al res trict ion . 
Thia capital res t rict ion represen ted an approximate 60 percen t ownersh ip 
of capital level . Res t ri c t ion combination " C" referred to unrest ric ted 
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labor comb ined with a 3 34 , 54 5  annual capital rest r:i.ct ion . This capit al 
restric t ion represented an a'Pp roximate 8 0  percent ownersh ip o f  cap i t al 
level . Res t rict ion comb inat ion "D" re fe rred t o  un rest rict ed lab o r  com-
b ined with unrest ric ted capital . 
The Tow Line Ir rigation Pl anning Model 
The comparison made here was o f  the changes in the en terprise 
aixes of the tow l ine i rrigat ion plann ing model b rou gh t  about b y  the 
appl ication o f  dif ferent levels o f  c apital res t ric t ions . Tables XLIV 
through LI at the end o f  this se ct ion shoul d  be freely consulted 
throughout this analys is as the specific and detailed e f fe cts o f  these 
capital res t ri c t i ons a re presented in them . The mos t  s igni f ican t  
occurrence i n  this comparison was the f l uctuat ion experi enced in the 
' 
levels o f  irrigat ion . As the amo un t  o f  capital available to the mo del 
increased , the level o f  i rrigat ion d ecreased to a po int and then 
increased . The po in t o f  reversal f rom decreas ing irrigat ion levels to  
iDcreasing irrigation levels o ccurred at some cap it al a·vailab il ity level 
which fell between res t ric tion comb inat ion "C" and res t ric t i on comb ina t ion 
"D" . These two res t r ic t ion comb inat ions represen t at ed a d i f ference in 
available annual capit al to the model of $166 , 804 . 
Underlying this f lu ct uat ion in irrigat i on l evels were several 
interac ting fac to rs all of which b as ical ly derive d f rom the part i c ul ar 
restriction comb in at ion imposed upon the model a t  each p o in t  o f  compari­
son. Appendix D deals in d e t ail with the same interac t ing fact ors wh ich 
Promoted , in the case  o f  the wheel move irrigation planning mo de l , a 
greater irrigat ion leve l  under re s t riction comb inat ion "A" than under 
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restric t ion comb in ation "D" and could be used as a re fe ence throu ghout 
this analysis � The f luctuation o f  irrigation l evels ap peared to  be  
primarily suppo rted b y  two particular factors . One o f  these was the 
tendency of the tow l ine i rrigat ion planning model under a res t rict ion 
combina tion co 1pos ed of some deg ree o f  labo r res t ri c t ion comb ined with 
unres tric t ed cap i t a l  t o  a llocate s carce labor t o  non-l ab o r  intens ive 
enterprises . In the model ex amined he re these enterpris e s  were , compar­
at ively speakin g ,  the c ash c rop and pas ture based l ives tock enterprises 
rather than the d rylo t cat t le feeding en terprises . The o t her factor was 
the tendency of the model unde r a rest ric t ion comb inat ion composed o f  
some de gree of cap i t al r es t riction combined with unre s t r i c t ed labo r t o  
allocate scarc e  capit al to ent e rp rises yiel ding high marginal ret urns 
to capital . Su ch ent e rprises were the d rylot cattle f�eding ent e rprises 
rather than the cash c ro p  or pasture based l ives tock enterprises . Even 
though the drylo t  c at tle feeding enterprises were the mos t  cap i t al inten­
aive o f  the ent e rp rises cons idered here the ir marginal returns were 
auf ficiently greate r  than those o f  the o the r enterprises to produce 
llaXimum net ret urns t o  the model under capital res t ric t ions . Tab les 
XLVI and XLVI I  at the end o f  this sect ion support the s e  t endencies in 
detail . 
Under rest ri c t ion comb ination "A" the model ' s  enterprise mix 
was heavily o�i en t at ed toward cash crop enterprises in o rder t o  make 
llald.mum use of the res tric ted labor suppl ies . These enterprises were 
developed and expanded primarily thro ugh the applicat ion of irrigat ion 
to otherwise dryland c rops . As t he cash crop enterprises were rel atively 
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non-capi tal intens ive , as was the tow line irrigat ion system ,  the model 
was able to util iz e a compa ratively irrigation intensive enterprise mix 
supported by 865 acres o f  irrigated cropland . Under restrict ion combi­
nat ions "B" and "C" in which capital was the restricted resource the 
irriga tion intens ivenes s of the enterprise mixes dec reased to 720 irri­
gated acres and 700 irrigated acres respectively . This was due primarily 
to the applic ation of scarce capital to cat tle feeding enterprises 
rather than to cash crop enterpris es . This necess itated the application 
of irrigation to the development and expans ion o f  feed c rop enterprises 
in support of the l ivestock enterprises . 
As the cash crop production d�creased , a larger cattle feeding 
operat ion was suppo rted with l ittle or no change in the level of irri­
gation . S ignificantly greater marginal returns were pos s ible from the 
cattle feeding enterprises . Therefore , under capital restrict ions , 
capital was al located so predominantly to these enterprises that capital 
was diverted for use in irrigation only to the extent necessary to 
optimally suppo rt the livestock feed requirements . Opt imum support 
of the lives tock feed requirements generally took the fo rm of an increased 
emphasis on irrigated corn and a decreased emphas is on irrigated al falfa.  
Any other crop enterprise was generally a non-irrigated cash crop . 
These factors figured significantly in promoting the decreased levels o f  
irrigation as the amount o f  capital available t o  the f irm was increased 
to some point near the level of unlimited capit al . At that point b oth  
the level
. 
o f drylot cattle feeding enterprises and o f  irrigation enter­
prises increased .  When capital was unrest ricted , the model supported an 
irrigation level o f  9 12 irrigated acres .  
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Availab le lab o r  suppl ies were more fully u t ilized as cap ital 
availabil ity increased . Under res triction combinat ion "A" all vailab le 
operator and amily labor was used whe reas only 55 percent o f  the labor 
aupplied by the hired man was used . The hired man was f ully utilized 
in only period five ( June 1 to  June 1 5 )  and period ten (Septemb er 1 to 
November 15 ) .  In these two periods the model re quired an addit ion al 
191 man-hours o f  labor in addit ion to what was supplied by the hired man . 
Under res t ric tion comb ination "B" the model utilized 99 percent 
of the operat or and f am ily labor supplied to it and 7 6  percent of the 
1 bor suppl ied by the h ired man . No hired l abor was required at all in 
period three (April 1 to April 30)  or in period nine (August 1 to Au gust 
31) .  A total of  1 , 131  man-hours o f  labo r was required in addit ion to 
tbat supplied by the hired man in periods one , two., four , f ive , s�ven , 
and ten which are November 1 6  to January 31 , February 1 to March 31 , 
May 1 to May 31 , June 1 to  June 15 , July 1 to July 15 , and September 1 
to November 15 respec t ive ly .  
Under res t ri c t ion comb inat ion "C" operato r and family labor 
was fully u til ized and the hired man was 84 percent u t ilized . All labor 
period s excep t pe riods three , eigi:1t ( July 1 6  to July 31) , and nine 
required labor in addit ion to t hat suppl ied by the h ired man . In all , 
a to tal of 2 , 194 man-hou rs o f  addi t ional l abor was re quired . 
Under res t rict ion combina tion "D" all operator and f amily labor 
was utilized and the labor suppl ied by the hired man was 9 8  percen t 
Utiliz ed . Only period three required no labor ' in ad dit ion to  that 
supplied by the hi red man . Taken as a t otal , all the remain
ing periods 
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required 4 , 660 man-hours of labor in addition to what was supplied by the 
hired man . Tab le XLVI I I  at the end of  this section presents these labor 
tat is t ics  in much greater detail . 
All four res triction comb inations imposed on the tow l ine irri­
gation planning model allowed it to generate sufficient net re turns to 
cover all overhead cost s  as wel l  as a $2 . 00 per man-hour charge for the 
3 ,476 man-hours of  operator and f amily labor. and the 900 man-hours of  
overhead labor inherent in  the model . All four res t rict ion comb inations 
also allowed a return to the operator ' s managerial ab il ity . The returns 
to management were $172 , $3 , 981 , $4 , 934 , and $6 , 285 for restrict ion 
combinations "A" , "B" , "cu , and "D" respect ively. The complete opera t ing 
at tements for these four rest riction combinations are presented in 
Table LI at the end of this section . 
The Center Pivot Irri ation Pl annin Model 
The comparison made he re was o f  the changes in the enterprise 
•ixea of the center pivot irrigat ion planning model b rought about by the 
application of differen t levels of capital rest rict ions to the model . 
Tables LII through LIX at the end of this section should b e  consulted _ 
throughout this analys is as the specific and detailed ef fe cts  o f  these 
capital restrictions are presented in them. The mos t  s igni ficant occur­
rence in this comparison was the comparat ively low level s  o f  i rrigation 
Used by the model under each restriction combination as compared to the 
levels used by the o ther two irrigation syste� . Also significant was the 
COUtinued increas e  in the level of irrigation as the amo unt of cap ital 
Table XI.IV. Land U•• Plan• for the Opt i 
of Capital Rest rictions 
Ac tivities Unit 
Dryland Crops 
Class I Land 
B ar le./· Acre 
Al falfa Acre 
Class II Land 
B arley Acre 
Al falf a  Acre 
TOTAL DRYLAND ACRES Acre 
Pas tu re 
Nat ive Acre 
Improved Ac re 
I rrigat ed Ac re 
TOTAL PAS TURE ACRES Acre 
I rr!gat ed Crops 
Co rn Acre 
m1ea t Ac re 
B arley Acre 
Alfa l fa Acre 
TOTAL IRRIGATED ACRES Acre 
Tow Line Irrigat ion Planning Model Under Varying Degrees 
Rest riction1 Rest riction l Res t rict ion! Res t rict ion1 
Combination Comb ination Combinat ion Comb inat ion 
A B c D 
156  2 5 0  2 5 0  12 5 
0 0 1 3  0 
7 9  0 0 0 
0 1 30 1 3 7  63 
235 380 400 188 
0 116  137  1 35 
320 320 3 2 0  320 
0 0 0 0 
320 • 436 457  455  
I 
385 565 530 5 3 2  
350 15 0 76 
0 0 0 125 
1 30 140 1 70 179 
865 720 7 00 912 
1A complete descript ion of  these rest riction combinat ions is given on page 1 5 9 .  
.... 
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Table XLV . Total Ac reage and Production by Crop for the Optf.mua Tow Lina Irrigation Planning Model 
Under Varying Degrees of Capital Res trict!�• 
Item Unit Res t ric tion1 Restric tion1 Rest rict ionl Rest rict ionl 
Combination Comb inat ion Comb inat ion Comb inat ion 
A B c D 
To tal Acres of  CroEs 
Corn Acre 3 85 565 530 5 32 
Wheat Acre 3 50 15 0 76  
Barley Acre 235 250 250 250 
Al falfa Acre 1 3 0  2 7 0  3 20  242 
TOTAL ACREAGE Acre 1 , 100 1 , 1 00 1 , 100 1 , 100 
Grain and Forage Production 
Corn Bushel 46 , 139 67 , 631. 63 , 518 45 , 339  
Corn sila ge Ton 0 0 0 3 , 07 1  
Wheat Bushel 20 , 142  . 876  0 4 , 368 
Barley Bushel 8 , 915 10 ,000 10 , 000 15 , 1 71 
Al falfa hay Ton 7 39 97 8 1 ,1 78 1 , 1 04 
1A complete descript ion o f  these rest riction ,comb inat ions is given on page 159 . 
.... ('.ft. 
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Table XLVI . Product ion Techn ique and Use by Cro p f o r  the Opt imum 
Tow Line Irrigat ion Plann ing Model Under Varying Deg rees 
of Capit 1 Res t r ict ions 
Crop and Model 
� Bestric tion 
Restriction 
Res tri ct ion 
Restrict on 
Con S ilage 
s trict ion 
triction 
Restriction 
striction 
Vh t 
le1tric t ion 
l.e1tric tion 
stric t ion 
atric tion 
rley 
1.estrict ion 
Res tri c t ion 
triction 
s tric t ion 
(U it ) 
(Bu hel ) 
Comb in t ion Al 
Comb ina tion B 
Comb ina ion C 
Com.b inat ion D 
(Bush 1) 
Comb ination Al 
Comb inat ion B 
Comb inat ion C 
Comb inat ion D 
(Bushel)  
Comb in at ion Al 
Comb in at ion B 
Comb inat ion C 
C:Omb inat ion D 
(Bu hel) 
Comb ination A1 
Comb ination B 
Cotnb in at ion C 
Comb in a t ion D 
Alf lfa Hay ( Ton) 
Res trict ion Comb ination A1 
lestri c t ion Comb inat i on B 
lestric t ion Comb in at ion C 
Restric t io n  Comb inat ion D 
Techn ique 
Dryland Ir rigat ed 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 , 915 
10 , 000 
10 ,000 
5 , 000 
0 
1 82 
2 1 2  
88  
46 , 139 
67 , 631 
63 , 518 
45 , 339 
0 
0 
0 
3 , 071 
20 , 142 
876  
0 
4 , 363 
0 
0 
0 
10 , 1 71 
7 39 
796 
966 
1 , 016 
Use 
Fed Sold 
15 , 321 
29 , 914 
41 , 392 
45 339  
0 
0 
0 
3 ,071 
0 
0 
0 
4 , 368 
0 
0 
0 
15 , 1 71 
638 
9 7 8  
1 ,178 
1 ,1 04 
3 0 , 818 
37 , 717 
22 , 1 2 6  
0 
0 
0 
0 
0 
20 , 142 
876  
0 
0 
8 , 915 
1 0 , 000 
1 0 , 000 
0 
101 
0 
0 
0 
1A comp let e des crip t ion o f  these res t rict ion comb inations is 
liven on page 159 . 
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Table XLVII .  Lives tock Plans for the Optimwn Tow Line Irrigat ion flanning Model Under Varying 
Degrees of Capit al Res tric tions 
Livestock Ac t ivi ty1 
Total calves purchased 
To tal year� ings purchas ed 
Bee f cow uni t : Feeder cal f sold , Oc tob e r , 
rep lacements f irs t cal f  as two-ye ar ol d 
Feed calves : Buy calves , Octobe r ,  t en 
months in drylo t , no s ilage 
Transfer ca lves : Buy calves , October , winter 
on l ight grain rat ion , t rans fe r  to drylo t ,  
feed out in Period 1 ,  silage rat ion , sel l 
for s laughter , Oc tober 
Raise yearl ing feeders : Buy calves , Oc tobe r ,  
winter o n  l ight grain rat ion , sell 650 poW'ld 
feeders , Apri l  
Feed good to choice yearl in g stee r :  Buy 650 
pound feeders , Octob er , feed out in Pe riod 
2 ,  silage ra tion , sell for slaughter , April 
Unit 
Head 
Head 
Cow­
Ca l f 
Hea d 
Head 
Head 
Two­
Hea d 
Restriction 
Comb inat ion 
A 
942 
0 
26 
2 0  
0 
941 
0 
Res t rict ion 
Combinat ion 
B 
1 , 5 38 
0 
0 
1 7 7  
0 
1 , 361 
0 
Res t ri c t ion 
Comb inat ion 
c 
1 , 7 6 3  
0 
0 
387  
0 
1 , 376 
0 
Rest rict ion2 
Comb in at ion 
D 
1 , 3 7 6  
698 
0 
0 
698 
678 
698 
1The l ives tock act ivit ies available to the model a re given in Appendix F, Tables I through XII I .  
2A compl�te descript ion o f  thes e res t ric t ion comb in at ions i s  given o n  page 159 . ..., °' 
o:> 
Table XLVII I .  Labor Requirement• by Labor Period fo r the Optimum Tow Lin e  Irrigation Planning Model 
Under Varying Degrees of Capital Restrict ions 
Planning Model Labor Periodl 
111 11 2  # 3  1 4  11 5  116 117 11 8  11 9  1110 To t al 
Operator and Family Labor Available 
(Man-Hours of Labor) 4 50 4 8 3  3 53 344 218 21 7 21 7 218 435 5 41 3 , 4 76 
Hired Labor Availab le 
7 34 636 3 92 394 1 9 9  198 1 98 201 4 00 7 68 4 , 1 2 0  
Res tric tion Combination A2 
Operator and family 450 4 8 3 3 5 3  34 4 2 1 8  2 1 7  2 1 7  2 1 8  4 3 5  541 3 , 4 7 6  
H ired 235 1 68 0 7 6 1 99 1 01 1 5 9  103 148 768 1 !95 7 
Total 685 651 35 3 4 3 0  4 1 7  3 18 3 7 6 321 5 8 3  1 , 3 09 5 , 4 3 3  
Res tric tion Combinat ion B 
Operator and family 450 4 8 3 310 3 44 218 217 2 1 7  218 4 35 541 3 , 4 3 3  
Hired 612 510 0 372 2 94 14 1 2 9 9  69 0 1 22 8 0  3 15 i 7  
Total 1 , 062 9 9 3  no 716 512 3 58 516 2 8 7 4 3 5  1 , 82 1  7 , 010 
Re stric t ion Combinat ion C 
Operator and fami ly 4 50 4 8 3 3 53 344 218 21 7 217 218 4 35 541 3 , 4 76 
Hired 849 7 2 8  6 8  5 32 4 32 219 438 1 2 0  13 7 1 2394 4 19 1 7  
Total 1 , 29 9  1 , 2 11 421 876 650 43 6 65 5 3 38 5 7 2  1 , 935 8 , 39 3  
Res tric tion Combinat ion D 
Operator and family 450 4 83 353 3 44 218 217 21 7 218 4 35 541 3 , 4 76 
Hired 1 14 84 1 11 29 2 7 5  6 2 5  4 7 3 3 30 4 7 0  2 7 2  4 38 21 3 25 1 1s2 1 
Total 1 , 934 1 , 612 62 8 969 691 547 687 4 90 8 7 3  2 , 866 1 1 , 2 9 7  
1The exact dates for each labor period a re given in Table III , page 31 . 
2A complete desc ript ion o f  thes e rest riction comb inations is given on page 1 59 . � °' \0 
!'able XLIX. Capi tal Requirement• for the Opt 
Degrees of Capital Restric t ions 
Tow Line Irriati 
Capi tal Rest rict ion1 Rest rict ion1 
Comb in at ion Combination 
A B 
Annual opera ting capit al $ 30 , 903 $ 3 8 , 186  
Period 2 operat ing cap i tal 4 , 180  6 , 5 39 
Lives tock facility capital 1 1 , 798 2 3 , 832 
Livestock animal capital 8 6 , 301 132 , 802 
Crop machinery cap i tal 20 , 053  1 8 , 04 8  
Ir rigat ion operating capital 17 . 7 7 7  l:S , 569 
Ir rigation sys tem capi tal 68 ,562 57 ,053 
TOTAL ANNUAL CAPI TAL $239 , 57 4  $292 , 029 
I 
Land Capitab 
Dry land $ 35 , 250  $ 5 7 , 000 
Irrigable 160 , 025 13 3 ,200 
Pasture 20 ,000 202000 
TOTAL LAND CAPITAL $215 .275 $210 , 200 
TOTAL CAPITAL REQUIREMENTS $4 5l> , 849 $502 , 229 
'lanning Hodel Under VaryinB 
Rest rict ionl Res t rict ionl 
Comb inat ion Comb inat ion 
c D 
$ 43 , 368 $ 63 , 432  
7 , 346  10 . 34 1  
3 4 , 495 56 , 372  
161 , 12 6  260 , 720  
1 7 , 480  18 , 999 
15 , 24 0  19 , 243 
55 ,4 91 - 7 2 ,242 
$334 , 546 $501 , 349 
$ 60 , 000 $ 28 , 200 
12 9 , 5 00 168 , 720 
20,000 20 ,000 
$209 ,500 $216 .. 920 
$544 , 04 6  $7 18 , 269 
1A complete descript ion of  these restriction comb inations is given on page 1 59 . � .... , 
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rable L. su .... ry o f  Expenses fo r the Opt iaua row Line Irrigat ion Pl�ing Model Under Varying Degrees 
of Capital Restrictions 
Expenses 
Lives tock 
Rest ric t ion1 
Comb inat ion 
Rest rict ion1 
Comb inat ion 
B 
Res t rict ionl 
Comb inat ion 
c 
Res t ric t ion ! 
Comb inat ion 
D 
Purchase livestock $154 , 5 72 $252 , 2 79 $289 ,137 $3 76 , 901 
Operatin� expenses 6 , 918 12 , 7 35 17 ,503 51 ,122  
Insurance and taxes 3 , 724 5,92 2 7 ,074 10 ,4 33 
TOTAL LIVESTOCK EXPENSES $165 , 2 14 $270 , 936 $313 , 714 $438 ,456  
CT0.2!_ 
Dryland operating $ 1 , 767 $ 2 , 446  $ 2 , 539 $ 1 , 329 
Irrigation operat ing 16,693 16 , 314 15 ,897 19 , 748 
Total variable expenses $ 18 ,460 $ 18 , 760 $ 1 8 , 436 $ 21 , 0 7 7  
Dryland fertilizer $ 2 , 92 3  $ 3 , 556  $ 3 , 642 $ 2 , 652 
Irrigation fertilizer 12 2823 13,735 1 3 , 2 64 15 ,934 I 
To tal fert ilizer expenses $ 15 , 746 ' $ 17  , 291 $ 16 , 906 $ 18 .586 
Machinery insurance and taxes $ 7 34 $ 7 11 $ 708 $ 719  
Irrigat ion insurance and taxes 2 , 665 2 , 218  2 , 157  2 , 808 
Crop in surance 4 ,243 �,269 4,072 4 ,490 
To tal insurance and taxes $ 7 , 642 $ 7 , 198 $ 6 , 93 7  $ 8 . 017 
TOTAL CROP EXPENSES $ 41 , 848 $ 4 3 , 249 $ 42 , 279 $ 4 7 , 680 
TOTAL HIRED LAB OR EXPENSES $ 3 ,914 $ 7 , 154 $ 9 , 834 $ 15 , 6 42 
.... 
" 
.... 
Table L. (continued ) 
Expenses Res t rictionl Rest rictionl Res t rict ionl Restrict ion1 
Combination Combination Comb ination Comb inat ion 
A B c D 
Depreciat ion 
Crop machinery $ 2 , 63 0  $ 2 , 525  $ 2 , 519 $ 2 , 65 7  
Livestoc k  facility 2 , 63 0  5 , 03 0  7 , 124  11 ,102 
Irrigat ion sys tem 8 , 722 7 ,258 
- _7 ,059 9 ,1 90 
TOTAL DEPRECIATION $ 13 , 98 2  $ 14 , 81 3  $ 1 6 , 702 $ 22 , 94 9  
Interes t 
Annual operat ing $ 2 , 472  $ 3 , 055 $ 3 , 469 $ 5 , 074 
Period 2 operatin g  1 67 2 62 294 414 
Live stock facility 767  - 1 , 549 2 , 242 3 , 664  
Lives tock animal 6 , 904 10 , 624  12 , 890 20 , 858 
Crop machine�y 1 , 604 1 , 444 1 , 3 98 1 , 520  
Irrigation operat ing 1 , 422  1 , 245 1 , 219 1 , 539  
Irrigation sys tem 5 2485 I 4 1564 4 2439 5 27 79 
I 
TOTAL INTEREST $ · 18 , 821 $ 22 , 743 $ 25 , 951 $ 38 , 848 
TOTAL EXPENSES $243 , 7 79 $358 , 8 95 $408 , 480  $563 , 5  75  
1
A complete descript ion of  these rest riction comb inat ions i s  given on page 159 . 
..... 
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T•ble· LI·. Operating Statement s  for the Opti· 
Degrees of Capi tal Restriction 
Tov 14.ne Irrigation Planning 1 Under Varying 
Item Restriction1 
Combination 
A 
Res t rict ion1 
Comb in ation 
B 
Restrictionl 
Comb inat ion 
c 
-
Rest rict io- 1 
Cotnb inat ion 
D 
GROSS I NCOME $27 2 , 976 $3 91 , 4 70 $441 »94� $599 , 025  
Exr.ense s  
Livestock $165 , 214 $270 , 936 $313 , 714 $438 �456  
Crop s 4 1 , 848  43 , 249 42 , 279 4 7 ,680 
Hired labor 3 , 914 7 s l54 9 , 8 34 15 , 642 
Depreciat ion 13 9 982 14 ,813  16 , 702 22 , 949  
Interes t  l S  ,821 22 , 743 25 , 951 38 , 848 
To tal -.expens es $243 , 7 7 9  $358 , S-95  $408 , 4-SO $563 , 5  7 5  
ENTERPRISE RETURNS $ 29 , 19 7 $ 32 , 5 75 $ 3 3 , 468 $ 35 9 4 5 0  
Overhead Expenses2 
Non-allo cated costs $ 1 ,  97 5 • $ 1 ,  975 $ 1 ,  9 7  5 $ 1 fl 97S 
Intere s t  on land 15 , 069 , 14 , 714 14 , 665 15 , 184 
I.Kind taxes 3 , 229 . 3 L1�1 3·,142 3 4\ 2 54 
To tal overhead expenses $ 20 , 27 3  $ 1S ,ti42 $ 19 , 782 $ 2 0 , 4 1 3  
RETURNS T O  LABOR AfID FARM MANAGEMENT $ 8 ,  924 $ 12 , 7 33 $ 1 3 ,  68S $ 15 , 037 
lA complete desc �ipt ion o f  these res t riction combinat ions is given on page 159 . 
2see Appendix E t  Tables I I  and I I I .  
� 
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available to the model increased rather than the fluctuation o f  levels 
experienced under the other two systems . 
1 7 4  
·The capital end labor rat ioning trends developed under the tow 
line irrigation system remaj.ned in effect here .  The ef fect s  o f  these 
trend s on the enterprise mixes of the center pivot irrigat ion planning 
aodel were substant ially altered d ue to the capit al '. int ens ity o f  the 
center pivo t irrigat ion system .  This capital intens ity cons istently 
required the comb ination of  the center pivot irrigation enterprise with 
enterprises yielding relat ively high marginal returns if  net returns 
to the model were to be maximized . 
The mos t  readily apparent alteration to the t rends developed 
in the enterpris e  mixes under the tow line irrigat ion model was the 
cont inued increase in the level of irrigation as cap ital became more 
available to the model rather than a fluctuat ion o f  irrigat ion levels . 
The center pivot irrigat ion planning model supported an irrigat ion 
enterprise Qf 272 , 34 7 ,  44 5 ,  and 677  irrigated acres under restrict ion 
combinat ions "A" , "B " , "C" , and "D" respect ively as can be  seen in 
Table LII at the end o f  this section . Also readily apparent was the 
comparat ively low levels o f  irrigation at all levels o f  capital res­
trict ion relat ive to the o ther two irrigation planning models . 
Close review o f  Tables LIV and LV also indicated a much more 
gradual trans ition from predominantly d rylot catt le feeding enterprise 
aixes to predominantly cash crop and pas ture based livestock enterprise 
111.xes as the suppl ies o f  capital decreased than was experienced with 
the other two irrigation planning models . Although cash crop enterp rises 
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were int roduced into the enterprise mix when labor became the restric ted 
resource they were int ro duced at a much lower level than was the case 
under the o ther plann ing models . In fact , so long as labor remained 
unres tri c t ed , no cas h c rop enterprises were ut ilized . S ign f i cantly , 
except fo r the mos t  severe labor restriction and unlimit d capital comb i­
na tion , the center p ivo t  i rrig at ion planning model remained predominantly 
a cattle feedin g ope rat ion . 
The key to the maj ority o f  the results  in this comparison was 
the capital intens ity o f  the center pivot irri gat ion system itse l f .  As 
vaa the case with the tow l ine irrigat ion planning model , ·estric ted cap i­
tal was applied p�imarily to the high marginal returns , b ut capit al 
intensive , cat t le feeding enterprises . But due to the capital int ens ity 
of the center pivot i rrigat ion system itself , the �enter p ivot irri gat ion 
Planning model , while maint aining a completely livestock feeding enter­
priae mix ,  orien t  ted the mix heavily toward enterprises having some 
P88blre requi rement . Only when c api t al suppl ies were unrest ricted did 
th center pivo t  i rrigat ion planning model develop a p redominantly d rylot 
cat tle feedin g ente rprise mix. 
It was a comb inat ion cf the marginal returns producing capab il i-
ties of the various lives tock and crop enterprises and the capital 
intensity of the cen ter p ivot ir rigation system that stopped the develop­
.. nt of the model under all res triction combinations at comparat ively low 
levels .  Unde r restriction comb inations "B" and "C" the cap ital restric­
tions were reached at  relatively low levels of irrigation when the capital 
intensive center pivo t irrigation sys tem was utilized in s uppo r
t o f  pre­
dOlllinant ly pasture based l ivestock enterprises . Although this enterprise 
l iu 
•ix was more capital intens ive than would have b ee � a p redominant ly c ash 
crop ent erprise mix i t  was also a s ignificantly bet ter marginal re turns 
producer . The center pivot irrigation system could be used only at 
relatively low levels due to its capital intens ity . But , b ecause o f · 
th mar ginal re turns produc ing c apabili ties o f  the lives tock enterprises 
it supported , the net re tun1s to the firm were great er than would have 
been th case with a predominantly cash c rop enterprise mix . 
Under the res tric t ion comb ination "D0 the level o f  irrigation 
increased but not s ignificant ly . This was due again to  the use of the 
capital intens ive cente r p ivot irrigat ion system in support o f  cap ital 
intensive , high marginal ret urns d rylo t cat tle feeding ente rprises . 
'lbe comparatively high marginal etums realized f rom the drylot cat tle 
f eding ent erprises produced the greatest gross  income for the model 
of any other enterprise mix . The capital intens ive center pivot 
irrigat ion sys tem could , however , be applied only at a relatively low 
1 v 1 of irrigat ion to develop feed crop enterprises before the comb ined 
co t of capital to the mo del for both the lives tock and the i rrigat ion 
enterprises began t o  reduce the net returns to the model . The low level 
Of irrigation at whi ch center pivo t  irrigation could be appl ied to the 
'llOdel ,  canbined with  the h igh feed requirements o f  a completely drylot 
baaed livestock enterprise mix , worked to prevent the unrestricted center 
pivot irrigation planning model ' s  livestock enterprise mix from develop­
ing to as high a degree as was possible under the o ther two irrigat ion 
Pl nning models • 
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Signific n tly , whe rest riction combinat ion °A ' wa  applied to  
the center pi ot  i rigat ion planning model the enterpri e ix  became 
predominantly d ry lot  cat tle feeding . This was again due o the capital 
intensity o f  the i rri gat ion system which necessitated its  comb ination 
with relatively h gh m rginal returns producing enterp rises if net returns 
to the model were to be maximized.  The labor rest riction forced a small 
level of cash crop enterprises into the model . Because he livestoek 
ent erprises were comparat ively labor intens ive this labor res t rict ion 
figured signific ntly in halting the development o f  all en terprises at 
lov levels . 
Aa the amoun t  o f  capital available to the model increased , more 
c plete u e was made of the existing supplies of labor. Under restric-
tion combination "A ' the ope rator and family labor availab le to the firm 
97 pe rcent utilized and the hired man was only 49  percent utilized . 
Only in period five (June 1 to June 15 )  and period ten (September . ! to 
as the hired man fully utilized and the model required an 
addit ional 19 1  m n-hours of  labor in these two periods . Under restrict ion 
Ccab ination "B " the operator and family labor was ful ly utilized and the 
hired man ' s labor was 7 7  percent u tilized . No hired labor  was used at 
all in period n ine (Augus t  1 to August 31) . The hired man was fully 
•tilized in periods one , two , four , five , seven , and ten which represented 
16 to January 3 1 ,  February 1 to March 31 , May 1 to �lay 31 , 
Juue 1 to June lS , July 1 to July 15 , and S ep t embe r  1 to November 1 5 
respec tively . These six periods required a tot al of  2 , 03 3  man-hours in 
addit ion to wha t  was s uppl ied b y  the h i red man .  U11de r  res t ric don 
combina tion "C" the lab o r  suppl ie d by the operator and h is family was 
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fully uti lized and the labor avail ab l e  from t he h i red man was 88 percent 
utilized . As under res t rict ion comb inat io n "B" the h ired man was fully 
utilized in periods one , two , fo ur , f ive , seven , and t en . The mo del 
required an addit ional 2 , 407 man-hours o f  labor in the s e  periods . Under 
res tric t ion comb ination "D" the operator and f am ily l abor s uppl ied to 
the model was again fully utilized. As under res t ri c t i on comb inat ion s 
"B" and "C" the h i red man was f ul ly utilized only in periods one ,  two , 
four , five , seven , and t en . The model required an additional 3 , 4 64 man-
hours of labor in these pe riods . Tab le LVI pres ents the s e  l abor s t at is-
tice in detail . 
None o f  the four res t r ic t ion comb inations as applied to the 
center pivo t irrig t io n  plann ing model allowed the model to g enerat e 
•ufficient net returns to return any amount to the opetator ' s  man ager ia l  
bility .  Return to management we r� zero in all four cases . Al l 
reatric tion comb inations d id a l low s u f ficient net returns fo r the opera-
tor to charge s ome amoun t per man-hou r f or the opera t o r  and f amily 
labor as well as the overhead labo r inheren t  in the model . These l abor 
charges per man-ho ur were $ . 79 , $1 . 31 ,  $1 . 32 ,  and $1 . 37 for re s t ri c t ion 
Combinat ions "A" "B "  "C" and "D" respec t ivel y .  The complete opera� i
ng ' . ' 
•tatements for res tric t ion comb in at ions are pre sen ted in Table LIX at the 
•nd of this sect ion .  
Ac tivit ies Unit 
Corn Ac re 
Wheat Ac re 
Badey Acre-
Al fa lf a�  I.ere 
Class II Lund 
Whaat Acre 
Al falf a.  Acre 
TO'IA1. DRYLAND ACRES Acre 
Pas ture 
Na� ive. Ac re 
lmpToved Ac re 
I rrigat ed Acre 
TOTAl .. PASTURE ACRES Ac re 
,!rrisat ed Acres 
Corn Acre-
Al fal f a  Acre 
TOTAL IRRIGATED ACRES Acre 
Rest rict ion1 
Comb in3tion 
A 
68 
203 
250 
0 
35  
2 5 2  
828 
103 
3 20 
0 
423 
2 3 8  
34 
27 2 
I 
' 
11 
Rest ri ctionl 
oob:f.n atioi 
0 
0 
1si 
3 35 
0 
2 61 
7 5 3  
20 
320 
0 
34Gft 
3 16 
3 1  
347 
Rest ri�ti0nl 
.Combination 
c 
n 
0 
250 
1 7 9  
0 
2 2 6  
655" 
0 
320 
0 
320 
340 
105 
4 4 5  
. .  
1A complete descript ion o f  thesa rest riction combin$.t ions is given on p:.i�t! 159 . 
est T1Ct iv� 
Ccmb ii\ati 
D 
0 
0 
250 
28 
0 
145 
li23 
320 
0 
320 
54 2 
1 35 
6 7 7  
..... 
"-" 
\0 
Table �II I .  To tal Acreage and Product ion b y  Crop for the Opt i•um Center Pivot I rrigation Planning 
Model Under Varying Degrees o f  Capital Rest rict ions 
Item 
Total Acres o f  Cro�s 
Corn 
Wheat 
Barley 
Al fal fa 
TOTAL ACREAGE 
Grain and Forage Production 
Corn 
Corn silage 
Whea t 
Barley 
Al fal fa
_ 
hay 
--
Unit , 
Acre 
Acre 
Acre 
Ac re 
Acre 
Bushel 
Ton 
Bushel 
Bushel 
Ton 
Rest riction1 Rest riction1 Restrict ionl 
Comb in at ion Combination Comb inat ion 
A B c 
32 6 3 1 6  340 
2 38 0 0 
2 50 157  2 5 0  
28 6 627 510 
1 , 100 1 , 100 1 , 100 
2 8 , 4 68 3 7 , 85 3  40 , 694 
7 08 0 0 
5 , 8 00  0 0 
1 0 , 000 6 ,2 7 9  10 , 000 
548 1 , 07 9 1 , 1 98 
1A coth--plete description o f  these rest rict ion combination s  is given on page 159 . 
Rest rict ionl 
Combination 
D 
54 2 
0 
2 5 0  
308 
1 , 100 
4 8 , 5 01 
2 ,  7 35 
4 , 368 
lO t OOO 
1 , 01 7  
� 
� 
0 
Table LIV . Production Technique and Use by Crop for the Opt im Center 
Pivot Irrigat ion Planning Model Under  Varying Degrees o f  
Cap i t al Rest rict ions 
Crop and Model 
(Unit ) 
Com 
-aes triction 
Res tric t ion 
Restric t ion 
Restrict ion 
Corn S ilage 
Res tric t ion 
Rest rict ion 
Restrict ion 
lleatric tion 
(Bushel ) 
Comb ination Al 
Comb inat ion B 
Comb in at ion C 
Comb ination D 
(Ton) 
Comb in at ion Al 
Comb inat ion B 
Comb inat ion C 
Comb inat ion D 
Whea t  ( Bushel ) 
Restric t ion Combinat ion A1 
Restrict ion Combinat ion B 
1.eatriction Contb inat ion C 
Bea triction Comb ination D 
Barley 
1.estric tion 
lestric tio 
las tric tion 
Restric t ion 
Alfalfa Hay 
Restrict ion 
les tric tion 
Bestrict ion 
Res triction 
(Bushel ) 
Comb inat ion A1 
Comb inat ion B 
Combina tion C 
Comb inat ion D 
( Ton) 
Comb inat ion Al 
Comb inat i on B 
Comb inat ion C 
Combination D 
Technique 
Dryland Irrigated 
0 
a 
0 
0 
708 
0 
0 
0 
5 , 800 
0 
0 
0 
1 0 , 000 
6 , 2 7 9 
10 , 000 
10 ,000 
353 
901 
603 
24 7 
28 , 4 68 
3 7 , 853 
40 , 694 
48 , 501 
0 
0 
0 
2 , 735 
0 
0 
0 
0 
0 
0 
0 
0 
195 
178 
595 
7 7 0  
Use 
Fed Sold 
1 9 , 065 
37 , 8 5 3  
4 0 , 694 
48 ,501 
7 08  
0 
0 
2 , 735 
0 
0 
0 
0 
0 
6 , 2 79 
10 , 000 
10 , 000 
548 
1 , 07 8  
1 ,198 
1 , 01 7  
9 ,4 03 
0 
0 
0 
0 
0 
0 
0 
5 , 800 
0 
0 
0 
10 , 000 
0 
0 
0 
0 
0 
0 
0 
1A complete desc ript ion o f  these rest rict ion combinat ions is 
ll•eu on pa ge 1 59 . 
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Table LV. Liveetock Plan• for the Opt � 
Degrees o f  Capital Restrictions 
Lives tock Activity! 
To tal calves purchas ed 
Total yearlings purchased 
Bee f  cow uni t :  Feeder calf sold , Oc tober , 
replacements first cal f as two-year old 
Feed c alves : Buy calves , Octobe r ,  ten 
months in drylo t , no silage 
Trans fer calves : Buy calves , October , 
winter on l ight grain ration , trans fer 
to drylo t ,  feed out in Period 1 ,  s ilage 
ra tion , sell for slau ghter ,  April 
Raise yearling feeders : Buy calves ,  
Oc tob er , winter on li ght grain rat ion , 
sell 650 pound feeders , April 
Feed good to cho:i.ce yearling s teer : Buy 650 
pound feeders ,  Octob er , feed out in Pe riod 
2 ,  silage ration , sel l  fo r slaught e r ,  April 
nter Pi�t Irrigation Planning �del Under Varying 
Unit 
Head 
Head 
Cow­
Ca l f 
Head 
Head 
Head 
Two­
Hea d 
Restriction 
Combination 
A 
5 5 7  
161 
58 
5 
161 
433 
161 
Res t riction 
Comb ination 
B 
1 , 3 35 
0 
39  
5 7 7  
0 
7 86 
0 
Rest rict ion 
Comb ination 
c 
L 541 
0 
28 
652 
0 
910 
0 
Restriction2 -
Comb inat ion 
D 
1 , 280 
62 2 
0 
0 
622 
658 
622 
lThe l ives tQck act ivi t ies avail able to the model are g iven in Append ix F, Tables I through XII I .  
2A complete descript ion of these restriction comb inations i s  given o n  page 1 59 .  
� co N 
rable LVI .  Labor Requirement• b y  Labor Pe riod fo r the Optiaua Center Pivot Irrigation Planning Model 
Under Varying Degrees of Capital Restrictions 
Planning Model 
n1 
� ,- - ·-
112 #3 114 
-- ... - -
Labo r  Period1 
11 5 06 117 118 #9 
Operator and Family Labor Available 
(Man-Hours of Labo r )  450 48 3 353  344 2 18 21 7  21 7 218 4 35 
Hired Labo r  Available 
7 34  636 3 92 394 199 198 1 98 201 4 00 
Res tric tion Comb inat ion A2 
Operator and fami ly 4 5 0  4 8 3  3 53 344 218 1 15 21 7  2 1 8  4 35 
Hired 31 3 20 1 6 7 3 0  199 0 186  0 0 
Total 763 684 4 20 3 74 4 1 7  IT5 4 03 218 4 35 
Res tric t ion Comb inat ion B 
Operator and family 450 48 3 3 53 344 218 . 217 217 218 435 
Hired 766  663 15 6 415 7 37 9 1  7 5 9  2 0 
To tal 1 , 2 1 6  1 , 14 6 559 7 59 955 3 08 9 7 6  220  435  
RestrictiQn Combination C 
Operator and family 450 4 8 3  353 344 218 21 7  21 7 218 435 
' 
H ired 902 7 87 22 7 499 669 129 683 52 189 
Total 1 , 352 1 , 27 0 580 843 887 346 900 270 624 
Res triction Comb inat ion D 
Operator and family 450 48 3 353 344 218 21 7 21 7 218 4 35 -
Hired l a308 9 9 1  203 4 60 3 7 7  7 6  416 84  259 
Total 1 , 7 58 1 , 4 7 4  5 5 6  804 595 293 633 3 02 694 
1The exac t dates for each labor period are given in Tab le III , page 3 1 . 
1110 
541 
7 68 
541 
7 68 
1 , 309 
541 
9 2 9  
1 , 4 7 0  
541 
11103 
1 , 644 
54 1 
2 1148 
2 , 689 
2A complete descript ion of  these res triction combinations is given on page 1 59 . 
Tot al 
3 , 4 7 6  
4 , 12 0 
3 , 3 74 
1 1 7 6 4  
5 , 138  
3 , 4 7 6 
4 1518 
7 , 994 
3 ,4 76 
5 124f!. 8 , 7 16 
3 ,4 76 
61322 
9 , 79 8  
1-' 
(.\') � 
Table LVII . Capi tal llequirement• for the Opt:lllua Center Pivot Irrigat�on Planning Model Under Varying 
Degrees of Capital Restric t ions 
Capital Rest rict ion1 
Conibin ation 
A 
Annual operating capital $ 2 7 , 682  
Period 2 operating capital 4 , 65 9  
Lives tock fac ility capital 1 7 , 228 
Lives tock animal capital 100 , 248 
Crop machinery capi tal 16 , 680  
Irrigat ion operat ing capital 8 , 65 1  
Irrigation system capital 29 ,817 
TOTAL ANNUAL CAPITAL $204 , 965 
Land Capital : 
Dry land $124 , 200 
Irrigable 50 ,320 
Pas ture 20 ,000 
TOTAL LAND CAPITAL $194 , 520 
TOTAL CAPITAL REQUIRED $399 ,485 
Rest rict ionl 
Combination 
B 
$ 3 7 ,475  
4 , 933 
38 , 124  
149 , 521 
12 , 880 
1 1 ,016  
38.079 
. 
' $292 , 028 
$112 , 950 
64 , 195 
2 0 . 000 
$197 , 145 
$489 , 173 
Rest rictionl 
Combination 
c 
$ 41 , 917 
6 , 045 
4 3 , 050 
166 , 044 
14 , 501 
14 , 2 61 
48a 727 
$3 34 ,545 
$ 98 , 250 
82 , 325 
20,000 
$200 , 5 75 
$535 , 1 2 0  
1A complete description of  these restriction combinations i s  given on page 159 . 
Rest rict ionl 
Comb inat ion 
D 
$ 56 , 5 45 
9 ,404 
5 0 . 82 2  
236 ' 711 
17 ,431 
21 , 6 71 
74 ,2 54 
$466 . 838 
$ 63 ,450 
125 , 2 45 
20,000 
$2 08 , 695 
$675 , 5 3 3  
.... co .f:'o 
!'able LVIII. Suma ry o f  Expenses for the Opt iam Center Pivot Irrigat ion Planning Model Under Varying 
Degrees of Capital Rest ric t ions 
Expen se.a Rest rict ion1 Res t rict ionl Res t rict ionl Re s t rict ion1 
Comb in at ion Comb inat ion Comb inat ion Comb inat ion 
A B c D 
Livestock 
Purchase livestock $12 6 , 194 $218 , 93 4  $ 252 ' 7 34 $344 , 82 5  
Operat ing expenses 14 , 53 7  1 8 , 489 20 , 795 4 5 , 893 
Insurance and t axe s 3 , 813 6 1148 61 926 9 ,4 9 7  
TOTAL LIVESTOCK EXPENSES $144 , 544 $243 , 5 71 $280 ,455  $400 , 2 15 
Cro� 
Dryland operat ing $ 5 , 64 6  $ 4 , 058  $ 3 , 75 2 $ 2 , 64 7 
Irrigation operat ing 7 17 80 9 19 6 2  12 1615 1 9 1918 
To tal variab le expen ses $ 1 3 , 426 $ 14 , 020 $ 1 6 , 367 $ 22 , 56 5  
Dryland fertilizer $ 5 , 914 $ 5 , 11 3  $ 4 , 749 $ 3 , 740 
Irrigat ion fertilizer 5 2410 I 7 1010 8 2445 1 3 2  710 
Total fertilizer expenses $ 11 , 324 I $ 12 , 12 3  $ 1 3 , 1 94 $ 1 7 , 450  
Machinery insurance and taxes $ 69 7 $ 666 $ 681 $ 69 8 
Irrigat ion insurance and taxes 1 , 523 1 , 945 2 , 489 3 , 794 
Crop insurance 2 1922 . 2 1 304 227 98 4 107 3 
To tal insurance and taxes $ 5 , 14 2  $ 4 , 915 $ .  5 , 968 $ 8 , 5 65 
TOTAL CROP EXPENSES $ 2 9  ,. 892 $ 31 , 058 $ 35 , 5 29 $ 48 , 5 8 0  
TOTAL HIRED LAB OR EXPENSES $ 3 . 53 0  $ 9 , 036 $ 10 , 4 80 $ 1 2 , 6 42 
..... 
C:> ""' 
faltle LVIII . (continued) 
Expenses Res triction1 Rest rict ion1 Rest rict ion1 
Combination Comb ination Combination 
A B c 
De�reciat ion 
Crop machinery $ 2 , 546 $ 2 , 289 $ 2 , 379 
Live stock facility 3 , 61 7 7 , 7 84 8 , 754 
Irrigat �.on system 3 . 759 4 , 801 6 ,144 
TOTAL DEPRECIATION $ 9 , 922 $ 14 , 874  $ 1 7 , 2 7 7  
Interes t 
Annual operating $ 2 , 2 14 $ 2 , 998 $ 3 , 35 3  
Period 2 operating 186 197 242 
Livestock facili ty 1 , 120 2 , 4 78 2 , 7 98 
Livest ock animal 8 , 02 0  1 1 , 96 2  13 , 284 
Crop machinery l , 334 1 , 030 1 , 160 
Irrigation operating 692 8 81 1 , 141 
I�rigat ion system 2 2385 I 3 1046 3 28 98 
, 
TOTAL INTEREST $ 15 , 951  $ 22 , 592  $ 25 , 876  
TOTAL EXPENSES $203 , 83 9  $3 21 , 131 $369 , 61 7  
1A complete description of  these rest rict ion comb inat ions i s  given on page 1S9 . 
Rest rict ion1 
Comb inat ion 
D 
$ 2 , 552 
10 , 023 
9 , 362 
$ 21 , 93 7  
$ 4 , 524  
3 76 
3 , 303 
1 8 , 9 3 7 
1 , 394 
1 ,  734 
5 ,940 
$ 3 6 , 2 08 
$519 , 5 82 
t-" C"O 
� 
rable LIX. Operating S tatemen ts for the Opt illua Center P�vot Irrigat ion Planning Model Under Varying 
Degrees o f  Capi t al  Rest rtctiqns 
Item Rest riction
1 
Comb inat ion 
A 
Rest rict ion1 
Combination 
B 
Res t rict ionl 
Comb inat ion 
c 
GROSS INCCHE $225 , 810 $345 , 609 $394 , 4 3 5  
Expenses 
Livestock $144 , 544 $24 3 , 57 1 $280 , 4 55 
Crops 29 , 892 3 1 , 058 35 , 5 2 9  
Hired labor 3 , 530 9 ,  03 6 · 10 , 480 
Depreciat ion 9 , 9 2 2  14 , 87 4  1 7 , 2 7 7  
Interest 1 5 , 95 1  22 , 592 25 ,8 7 6  
Total expenses $203 , 8 39 $3 2 1_ , 1 31 $369  , 6 1 7  
ENTERPRIS E RETURNS $ 21 , 97 1  $ 24 , 4 78 $ 24 , 818 
OveEhead Expenses
2 
, 
Non-allocaced cos ts $ 1 , 97 5  $ 1 , 9 7 5  $ 1 , 975 
Int erest on land 1 3 , 61 6 ' 1 3 , 800 14 ,  040 
Land taxes 2 , 918 2,957  3 ,009 
To tal overhead expenses $ 18 , 509 $ 18 , 732 $ 19 , 02 4  
RETURliS T O  LAB OR AND FARM MANAGEMENT $ 3 ,462 $ 5 , 746  $ 5 , 7 9  
1A complete descript ion o f  these res triction combinat ions i s  given o n  page 159 . 
2
see Appendix E ,  Tables II and II I .  
Res t rict ionl 
Comb inat ion 
D 
$545 , 297 
$400 , 215 
48 , 580 
12 , 642 
21 , 93 7  
3 6 , 2 08 
$519 ,582  
$ 25 , 715  
$ 1 , 9 7 5  
14 , 609 
3 ,1 31 
$-19 ' 715 
$ 6 , 000 
.... 
00 ..... 
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Wheel Move Irriga t ion Planning Model 
The chan ges produced in the enterprise mixes of the wh�el naove 
ir igation planning 100del by the appl icat ion o f  the four restriction 
c b ina tions fol lowed , i gene ral , the s ame pat ten� as those produced 
under the tow l ine i rri gation pl anning model . So close was the parallel 
tbat the an lys is o f  the factors producing these changes will be o f  con-
iderably less detail han that applied to the tow line model o Referral 
ahould be made to  Tables LX and LXVI I at the end o f  this section as the 
d tailed effect s  of the res triction comb inat ions upon the model are 
pr eented i them . The ingle most significant occurrence was the large r  
irrigation level utiliz ed unde r res tric tion comb inat ion "A" than that 
utilized under res triction comb ination "D" . This was f ully .analyzed 
in Appendix D and will not be d iscussed here . 
The irrigat ion levels ut ilized under the four res t riction comb i­
Dations exhibited the s ame t rend s ex perienced w ... th the tow l ine i rriga-
ion model . The irrigation level de creased as cap it al became mo ·re 
plentiful up to a po int between rest riction comb inat ion "C" and res t rict ion 
combination "D" beyond which point the irrigation l evel inc reased . Under 
restriction combinat ion "A" the wheel move i rrigat ion planning model 
.. pported an i rrigat ion level of 7 33 irrigated acres . 
683 irrigated acres under rest ric t ion comb inat ion " B" • 
TI1is decreased to 
The irrigat io� 
1 Val d d f h d res triction combinat ion " C" to 673 ecreas . even urt er un er 
irrigated acres . When res triction comb ination "D" was appl ied to the 
Wheel move irrigation planning model the level
. 
of  irrigation increased 
to 704 irrigated acres . 
The same f c t o rs that produced similar e f f ec ts on the level o f  
irrigation unde r  the t ow l ine model interacted in bas ically t he s ame 
.. nner when appl ied t o  the wheel move model . When labor was re st ric ted 
th model al lo cated sc arce labo r t o  rela t ively non-lab o r  intecs ive cash 
crop and pas ture b ased l ives t ock ent erprises . Irriga t ion was then 
applied to the deve lopment o f  these relatively low marginal re t urns 
producing enterprises .  When c apital was rest ricted the model again 
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allocated scarce c api t al to the relat ively h igh marginal re turns produc-
iag lives tock feeding operat ions even though they we re also the relat ively 
capital intens ive enterprises . Ir rigat ion was then appl ied to the 
cl velopment of feed producing crops and capital was d iverted f rom the 
cat tle feeding ent erprises into i rrigat ion only to the exten t  necessary 
to optimally sup po rt the feed requirements of the l ivestock enterprise s . 
?he exis ting variat ions f rom the e f fects o f  the res tri ction comb inat ions 
on the tow line mo del that oc curred under the wheel move deve lo ped 
primarily from the grea ter capit al intens ity of the wheel move i rriga­
tion sys tem.  
This increase in c ap ital in tens ity o f  the wheel move irrigat ion 
•yatem figured predominantly in producing the lower levels of development 
of the same gen eral enterpr ise mixes experienced unde1· the tou l ine 
irrigation model . The inc reased capital intensity o f  the wheel move . 
irrigation sys tem cons is tently increased the res trictive e f fects o f  the 
coat o f capi tal to the f i rm .  Under all rest ic t ion comb ina t ions this 
restric tion interact ed with exist ing res tric t ions to prevent as h i gh
 a 
level f d . mixes as ex·perienced l7ith the tow o evelopment o f  the enterprise 
line irriga t ion planning mo del . 
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As with the tow line and center pivot irrigation plann:tng models , 
however ,  the increased availabil ity o f capital made poss ible more com­
plete utiliz a t ion of  available labor supplies � Under rest riction 
combina tion "A" the labor s uppl ied by the operator and his fami ly was 
99 percent util ized whereas the labor supplied by the hi red man was 
only 45 percent utilized . No hired labor was required at all in periods 
three (April 1 to April  30) , six (June 16 to June 30) , and eight 
(July 1 6  to July 31 ) . The hired man ' s  labor was fully utili zed in 
period five (June 1 to June 15) , period seven ( July 1 to July 15 ) , 
and period t en (September 1 to November 15 ) . The model required an 
addit ional 219 man-hours of labor in these three perio ds . Under rest ric-
tion combinat ion "B" the model utilized 97 percent c f  the operator 
and family lab o r  available to it . The labor supplied b y  the hired 
.. n was 69 percent util ized.  No hired labor was required at all in 
periods thre� , ight , and nine (August l to August 31) . The h ired man 
a fully ut ilized i periods one , two , f ive ,  seven , and ten which 
represented respectively November 16 to January 31 , Feb ruary 1 to 
March 31 ,  June 1 to June 1 5 , July 1 to July 15 , and September 1 to 
lovember 15 . These periods required a to tal of 1 , 078 man-hours of labo r 
in addition to that supplied by the hired man . Under restrict ion com­
bination "C" the available operator and family labor was fully utilized 
and the hired man ' s  labor was 82 percent uti.lized .  No h i red labo r wa:> 
required in perio d  eight . The hired man was fully utili zed in periods 
""" 
· d •en The model 
v .. e , two , four (May 1 to May 3 1) , f ive , seven , an '" • 
reqUired an additional 1 , 974 man-hours of labor in these periods . Under 
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restric t ion comb inat ion "D" the operator and family labor available to 
the model was fully utili zed and the labor available to the model from 
the hired man was 9 1  percent utilized . As with rest ric t ion comb inat ion 
"C" the hired man was fully utilized in periods one , two , four , five , 
en , and ten . The model required an addit ional 3 , 74 6  man-hours of  
labor in these periods beyond that which was available from the h ired 
• Table LXIV at the end of  this sect ion presents these labor usage 
tat is t ic s  in det ail . 
Res t rict ion comb ination "A" would not allow the wheel move 
irrigation planning model to generate su fficient net returns to return 
any amount to the operator ' s  managerial abilities . It woul d  allow the 
el to generat e su fficient net returns to cover a $1 . 50 per man-hour 
char ge on the operator and family and overhead l�bor inheren t in the 
aodel . The remaining rest ric tion combinat ions allowed the model to 
produce su ffic ient net ret urns to cover a charge of $2 . 00 per man-hour 
for this labo r  and st ill provide some return to the operator ' s managerial 
ab ility . These ret urns to management amounted to $1 , 441 fo r rest riction 
combination " B "  to $2 488 for rest rict ion combinat ion "C" , and to $4 , 2 7 7  , , 
for restric t ion combination "C" . The complete operating statements for 
all four res trict ion combinations are given in Table LXVI I  at the end 
of this s.ec t ion . 
As measured by '! ncreased crop product.ion , increased numbe
rs of  
lt�e t k 1 d increased net returns to the ·• a oc units  suppo rted by the mode , an 
firm , the increased amounts o f  capital made available to the irrigat ion 
!'able LK. Land U•• Plana for the Opt 
of Capi tal Rest rictions 
Ac tivities Unit 
Dryland Acres 
Clas s I Land 
Whea: Ar:. re 
Barley Acre 
Al f a l f a  Acre 
Class II Land 
B arley Acre 
Al f al fa Acre 
TOTAL DRYLAND ACRES Acre 
Pas ture 
Native Acre 
Improved Acra 
Irrigat ed Acre 
TOTAL PASTURE ACRES Acre 
I rrigat ed Acres 
Corn Acre 
Wheat Acre 
Al fal f3 Ac re 
TOTAL IRRIGATED ACRES Acre 
a .. 1 Move Irrigat ioa Planning Model Under Varying gre 
Rest rict ion! Rest rict ion1 Res t rict ion! Rest rict ion1 
Comb in at ion Comb ination Combinat ion Comb inat ion 
A B c D 
0 18 0 0 
24 2 250 250 250 
0 6 3 1  1 0  
8 0 0 0 
1 1 7  143 14 6 1 36 
3 6 7  417  427  396 
0 0 0 1 35 
3 20 3 20 320 32 0 
0 0 0 0 
3 20 I 320 320 455 
)88 552 516 552 
259 0 0 0 
86 131 157 152 
7 3 3  683 67 3 7 04 
1 A complete descript ion of these restriction combinations is given on page 159 . 
..... '° 
t...> 
!'able r.n .  !'otal Ac reage an d  Production by Crop for the Op t uaum 
Under Varying Degrees of Capital Rest rict ions 
Item Unit Res t ric t ion1 Res t rict ion1 
Cor.ib ina t ion� C:Omb ination 
B 
To tal Acres of Cro2s 
Corn Ac re 3 88 55 2 
Wheat Acre 2 5 9  1 8 
Barley Acre 2 50 250 
Al fal fa Acre 203 280 
TOTAL ACREAGE Acre 1 , 100 1 , 100 
Grain and Forage Production 
Corn Buahel 4 6 , 507 66 , 1 2 8  
Corn silage Ton 0 0 
Wheat Bushel 14 , 882 452 
Barley Bushel 9 , 950 10 , 000 
Alfe.l fa
. 
hay Ton 651 953 
-
1 Mo Irriaat ion Plannin• Mo de l  
Rest riction1 Resti'ict ionl 
Comb ination Comb inat ion 
c D 
516 552 
0 0 
2 5 0  250  
334  298 
1 , 100 1 , 100 
61 , 7 35 49 , 7 25 
0 2 , 721 
0 0 
10 , 000 10 , 000 
1 , 148 1 , 072  
1 A  complete descript ion o f  these rest riction comb inations is given on page 1 59 .  
� \0 
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!able LXI I  roduct ion Technique and Use by Crop for the Op t imum Wheel 
Move Irrigat ion Plann ing Model Under Varying Deg rees o f  
Capit al Rest rict ions 
Crop and Model 
� 
Restriction 
leatrict ion 
le triction 
Res triction 
Corn S ilage 
Restriction 
strict ion 
trict ion 
triction 
Wheat 
lea trict ion 
Beatriction 
Re tric tion 
leatrict i n 
I rley 
leatriction 
strict on 
triction 
triction 
Alfalfa Hax 
lestriction 
leatriction 
lestriction 
lestriction 
(Unit ) 
{Bushel ) 
Comb inat ion A1 
Comb inat ion B 
Comb inat ion C 
Combination D 
(Ton) 
1 Comb in t ion A 
Comb inat ion B 
Comb ination C 
Comb inat ion D 
(Bushel ) 
Comb inat ion A1 
Comb in ation B 
Comb in at ion C 
Comb inat ion D 
(Bu h 1 )  
Comb inat ion Al 
Comb in t ion B 
Comb in tion C 
Comb inat ion D 
(Ton} 
Comb inat ion Al 
Comb ination B 
Comb inat ion c 
Comb inat ion D 
Technigue 
Dry land Irrigated 
0 4 6 , 507 
0 66 , 128 
0 61 , 7 35 
0 4 9 , 725 
0 0 
0 0 
a 0 
0 2 , 721  
0 14 , 882 
452 0 
0 0 
0 0 
9 , 950 0 
10 , 000 0 
10 , 000 0 
10 , 000 0 
164 487 
210 743 
254 894 
207 8 65 
1A complete 
li•en on page 1 59 . 
desc ript ion o f  these rest rict ion 
Use 
F d Sold 
1 6 , 7 93 29 , 714 
30 , 105 3 6 , 023 
41 ,575  20 , 160 
49 , 725 0 
0 0 
0 0 
0 0 
2 , 721 0 
0 14 ,882:  
0 452 
0 0 
0 0 
0 9 , 950 
0 10 ,000 
0 10 , 000 
10 , 000 0 
651 0 
953 0 
1 , 148  0 
1 , 07 2  0 
combinations is 
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Ta�l• I.XIII .  Live• tock Plans fo r the Opt illu. Wheel Ho 
Degree• of Capital Res t ric tions 
Irrigation Plaqning Model Under Varying 
Livestock Activity1 
Totnl calves purchased 
Tot al yearl ings purchased 
Beef cow unit : Feeder cal f sold , Oct ober 
rep lacement s  first cal f as two-year o ld 
Feed calves : Buy calves , Octobe r , ten 
months in drylot , no s ilage 
Trans fer calves : Buy calves , October , 
winter on light grain ra tion , t rans fer 
to d rylot , feed out in Period 1 ,  silage 
rat ion , sell for s laughter j April 
Raise yearling feeders : Buy calves , 
October , winter on light grain rat ion , 
sell 650 pound feeders , April 
Feed good to choice yearling stee r :  Buy 650 
pound feeders , October , feed out in Period 
2 ,  s ilage rat ion , sell for slaughter , April 
Unit Rest rict ion 
Combination 
A 
Head 922 
Head 0 
C.Ow-
Cal f  31 
Head 65 
Head 0 
Head' � 8 80 
Two­
Head 0 
Rest rict ion Rest rict ion Rest rict ion2 
Combinat ion Comb inat ion Comb inat ion 
B c D 
1 , 4 8 3  1 , 69 7  1 , 3 74 
0 0 618 
0 0 0 
203 41 7  0 
0 0 618 
1 , 280 1 , 2 80 75 
0 0 618 
1The livestock ac tivit ies available to the model a re given in Appendix F ,  Tables I through XII I .  
2A complete descript ion o f  these rest ri ct ion combinations i s  given on page 159 . ..... \0 VI 
!'able I.XIV. Labor .Requir-.ita by Labor Period for th• Opt 
Under Varying Degrees of Capital Rest rict ions 
l " Hove I rrigac ion Planning 
Planning Model 
Ill #2 113 114 115 116 fJ7 18 09 1110 
Ope rato r  and Fami ly Labo r  Available 
(Man-Hours of Labor )  450 4 83 35 3 3 44 2 1 8  2 1 7  2 1 7  218 4 35 5 41 
H ired Labor Availab l e  
i34 6 36 392 394 1 9 9  198 198 2 01 4 00 7 68 
� 
Re s triction Comb inat ion A2 
Operat or and family 450 4 8 3  35 3  344 218 193 21 7 203 435 541 
H ired 254 18 7 0 34 199 0 190 0 5 3  7 68 
Total 7 04 6 7 0  3 5 3  3 7 8  4 1 7  1 9 3  40 7  2 03 48 8  1 , 309 
Res tric tion Combinat ion B 
Opera tor and family 450 4 8 3  3 25 344 218 . 217  2 1 7  1 5 9  4 35 541 
H ired 589 4 92 0 278 3 05 44 343 0 0 �2 4 7  
To tal 1 , 03 9 9 7 5 3 25 622 523 261 560 1 5 9  4 3 5  1 , 788 
Res tr ic t ion Comb ination C 
Operator and fami ly 4 50 48 3 3 5 3  344 218 21 7 217 215 4 35 541 
Hired 820 7 06 84 440 4 55 1 2 9  490 0 1 35 1 1 35 4  
Total 1 ., 270 1 , 1 89 43 7 7 84 67 3  346  7 07 215 5 7 0  1 , 895 
Res tric tion Comb inat ion D 
Operator and family 450 4 83 353 3 44 218 217 21 7 218 4 35 541 
Hired 11364 1 1039 2 02 4 81 4 30 148 4 7 0 7 9  280 221 98 
Total 1 , 814 1 , 52 2 555 825 648 3 65 68 7 2 9 7  7 15 2 ,  739 
1The exact dates for each labor period are given in Table I I I , page 3 1 . 
2A complete descrip tion o f  these rest rict ion combinat ions is given on page 159 . 
el 
Total 
3 , 4 76 
4 , 1 2 0  
3 , 4 3 7  
l t6 8 5  
5 , 12 2 
3 , 389 
3 12 9 8  
6 , 68 7  
3 , 4 7 3 
4 16 1 3  
8 , 086 
3 , 4 76 
6 2 6 9 1  
10 , 1 6 7  
..... 
\0 
� 
Table I.XV. Capital Requi rement• for the Opt 1.ama Ubeel Hove Irri1at 1on Planning Model Under Varying 
Degrees o f  Capi tal Rest rictions 
Capi tal Res t ric tion! Res t rictionl Res t riction! Rest rict ion1 
Combination Combination Comb inat ion Comb inat ion 
A B c D 
Annual operat ing capital $ 2 9 , 584 $ 3 7 , 28 8  $ 4 2 . 390 $ 5 7  .. 92 
Period 2 operat ing capital 4 , 044 6 , 365 7 , 131  9 .. 707 
Lives tock facility capital 1 3 , 41 1  24 , 253  3 4 , 95 2  51 , 669  
Lives t ock animal capital 8 8 , 460 129 , 64 7  1 5 7 , 2 93 24 3 , 65 7  
Crop machinery capital 18 , 7 37 1 7 , 805 17 , 2 14 1 7 , 639  
Irriga tion operating cap i tal 18 , 388 17 , 884 1 7 , 666 18 , 46 0  
Irrigat ion sys tem capital 6 3 , 060 58 1 786 5 7 , 900 60,5 7 6  
I 
TOTAL ANNUAL CAPI TAL  $235 , 684  I $292 , 028 $3 34 , 5 46 $459 , 6 32 
l.and Cap ital : 
Dry land $ 55 , 05 0  $ 62 ,550  $ 64 , 050 $ 59 5 400 
Irrigable 1 35 , 605 126 , 355 124 , 505 1 30 , 2 40 
Pasture 20 ,000 20.000 20,000 20 ,000 
TOTAL LAND CAPITAL $210 ,655 $208 , 905 $208 , 555 $209 , 64 0  
TOTAL CAPITAL REQUIRED $4 4 6 , 339 $500 , 93 3  $54 3 , 1 01 $669 , 2 7 2 
1A complete descript ion of these restric t ion comb inat ions ia given on page 159 . � \0 
....., 
rabl• LXVI. su ... ry o f  Expert••• for th• Ope 
Degrees of  Capital Res t rictions 
Wheel Move Irri•at ion Planning Model Unde r Varying 
Livestock 
Expenses Rest rictionl Rest riction1 Rest rictionl Rest riction! 
Comb ination Combination Comb inat ion Comb inat ion 
B C D 
Purchase l ivestock $1 5 1 , 24 5  $24 3 , 2 8 7  $2 7 8 . 380 $359 , 653 
Operat i...,_g expenses 7 , 5 7 6  1 2 , 7 96 17 , 55 7  46 , 3 06 
Insurance and taxes 3 17 60 5 , 7 62 6 ,881 9 ,819 
TOTAL LIVESTOCK EXPENSES $162 , 58 1  $2 61 , 845 $3 02 , 818 $415 , 7 78 
Cro� 
Dryland operat ing $ 2 , 38 9  $ 2 , 660 $ 2 , 67 1  $ 2 , 524 
Irrigat ion operating 15 ,128 1 6 , 05 5  15 1 7 2 6  1 7 21 31 
To tal variable expenses $ 1 7 , 517  $ 18 , 715 $ 18 , 39 7  $ 1 9 , 6 55 
Dryland fertilizer $ 3 , 502 $ 3 , 72 3  $ 3 , 761 $ 3 , 62 6  
Irrigation fert i lizer 11 ,510 1 13 , 220 12 , 7 90 14 , 121  
To tal fert ilizer expenses $ 15 , 012 ' $ 16 , 94 3 $ 1 6 , 5 5 1  $ 17 t 74 7  
Machinery insurance and taxes $ 717 $ 7 08 $ 705 $ 701 
Irrigat ion insurance and taxes 3 , 66 3  3 , 415 3 , 364 3 , 519  
Crop insurance 3 , 905 4 , 1 65 3 ,  958 4 16 4 
To tal insurance and taxes $ 8 , 28 5  $ 8 , 288 $ 8 , 02 7  �38 4 
·roTAL CROP EXPENSES $ 4 0 . 814 $ 43 e 94 6 $ 42 . 9 75  $ 45 , 7 8 6  
ri'OTAL HIRED LAB OR EXPENSES $ 3 . 37 2  $ 6 , 596 $ 9 , 2 24 $ 1 3 , 380 
..... 
\0 
� 
Table I.XVI . (coa��ed) 
Expenses Res trictionl Rest rict ion1 Rest ric t ionl 
Comb inat ion Combinat ion Comb inat ion 
A B c 
De2reciat ion 
Crop machinery $ 2 , 540 $ 2 , 509 $ 2 , 503 
Lives t o ck fac i l ity 2 ,  94 3 5 , 092 7 , 188 
Irrigat ion system 8 ,023 7 ,479 7 , 366  
TOTAL DEPRECIATION $ 1 3  , 506 $ 15 , 08 0  $ 1 7 , 057 
!nte�es t 
Annual operat ing $ 2 , 367 $ 2 , 98 3  $ 3 , 391 
Period 2 operating 162 255 285 
Live stock facility 872 1 , 5 76 2 , 272  
Livestock animal 7 , 07 7  10 , 3 72 12 , 583 
Crop machinery 1 ,499 1 , 424 1 , 37 7  
Irrigat ion operating 1 , 471  
r 
1 , 431 1 , 413  
Irrigation sy s tem 51045 4 1703 4 1632 
I 
TOTAI. INTEREST $ 18 , 493 $ 22 ' 744  $ 25 , 95 3  
TOTAL EXPENSES $238 , 7 66 $350 ,211 $398 , 027 
1A complete descript ion of  these res triction comb inat ions is given on page 159 . 
Restrict ion1 
Combinat ion 
D 
$ 2 , 5 68 
10 , 2 16 
-
7 , 706 
$ 2 0 , 490 
$ 4 , 6 34 
388 
3 , 358  
19 , 492 
1 ,411 
1 ,4 7 7  
4 1846 
$ 35 , 606 
$531 , 040 
..... "° 
l.D 
rable LXVII . Opera ting Statements for the Opti' 
Degrees of Capital Res t ric.t ion• 
Wheel Move I rrigat ion Planning Model Under Varying 
Item 
GROSS INCOME 
Expenses 
Live s tock 
Crops 
H ired labor 
Depreciation 
I�1tere s t  
To tal expenses 
ENTERPRIS E RETIJRNS 
Ov erhead Expenses2 
Non-al loca ted costs 
Interest on land 
Land taxes 
Total overhead expenses 
RETURNS TO LABOR AND FARM MMtAGEMENT 
Restriction! 
Combination 
A 
$2 65 , 2 1 3  
$1 6 2 , 581 
4 0 , 814 
3 , 3 72 
1 3 , 506 
18 ,493 
$2 3 8 , 7 66  
$ 26 , 44 7  
$ 1 , 97 5  
14 , 7 46 
3 11 60 
$ 1 9 , 881 
$ 6 , 56 6  
I 
I 
Restriction1 
Combination 
B 
$380 , 135 
$261 , 84 5 
4 3 , 94 6  
6 , 59 6  
1 5  , 08 0  
2 2 27 4 4  
$35Q , 21 1  
$ 2 9 , 924 
$ 1 , 975 
14 , 62 3  
3 11 3 3  
$ 1 9 . 7 31 
$ 10 , 193  
Restriction! 
Combination 
c 
$428 , 9 7 0 
$3 02 , 818 
4 2 , 9 75 
9 , 224 
1 7 , 05 7 
25 195 3 
$398 , 02 7 
$ 3 0 , 94 3  
$ 1 , 975 
14 , 5 9 9  
3 1129 
$ 19 , 7 03 
$ 11 , 2 40 
1A complete descript ion o f  these restric t ion combinations is given on page 159 .  
2see Appendix E ,  Tables II and I I I .  
Restrict ionl 
Combinat ion 
D 
$563 , 8 64 
$4 15 t 7 78 
45 , 786 
1 3 , 38 0  
2 0 , 4 90 
35 2606 
$531 ,040 
$ 32 , 8 24 
$ 1 , 9 75 
14 , 675  
3 !14 5 
$ 19 , 7 95 
$ 1 3 , 029  
N 0 
c 
201 
planni g models , in general , increased the developmen t of the models over 
those lev la po s ble wh�n the labor supply to the model s � as  the res-
tric ted resou ce Increased capi tal availabil ity also allowed l:he models 
· to make more complete use of the labo r supplies available to them than 
the case under labo r rest rict ions . Most significant though was the 
r ult that increas in available capital d id no t automat ical ly mean 
increased irrigat ion evels in the case o f  the t ow l ine and the wheel 
e irrigat ion plannning models . With these two irrigation planning 
ls the leve l  o irrigat ion actually declined as the amoun t  o f  
ilable c p i t  1 inc reased t o  a level in the vicin:J.ty o f  an unl imited 
supply . Beyond this point the level o f  i rrigation inc reased . Due 
primari ly to the capital in tens ity of tne center p ivot irrigat ion 
' ' i tem itsel f ,  the cen er pivot irrigat ion planning model s 1rr gat ion 
1 1 increased as the amount o f  capital available to  the model increased . 
However ,  due to this same c apital intensi ty the center p ivot irrigat ion 
Planning model xp rienced t he lowest level of irrigat ion and o f general 
terprise deve lopment of all three irrigation models examined here . 
Chapter 9 
SlJl.MARY AND CONCLUS IONS 
Introduction 
nie bro d obj ec t ive o f  this study was to s t ablish b as ic guide­
line for the op rato r  of a s imulated representat ive f rm firm in the 
tern Mis souri S lope Area o f  South Dakota to use i planning the devel­
o nt o f  irrigat on on h is farm .  These guidelines are essentially four 
number . Th first s that in order to maximize net returns to the 
firm under cond it ions of rest ricted labo r suppl ies irrigat ion should 
applied in support o f  c ash c rop o r  pas ture based livestock ente rprises . 
econd is that in o rder to maximize net returns to the farm fi rm 
r condition o rest ric ted capital suppl ies £rrigation should b e  
11 d i n  suppo rt o f  cat t le feeding enterprises . Th e  bird i s  that 
op imim net r turns to the fa rm f i rm  are ob tained f rom �pplyin g irrigat ion 
uppo rt o f drylot cattle feed ing enterprises . The o urth is that the 
bortage o f sea on lly available labo r is a more severe res t rict ion 
01l the development o f  i rrigat ion than is the availabil ity o f  cap i t al . 
third guidel ine requires no elaborat ion as a review o f  the enterprise 
ldzea of all three i rrigation systems ' planning models under the condi­
tion of unres t �icted labor and unrestricted capital will clearly support 
it. The remaining uide l ines do require some elabo rat ion . 
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Labor t ioni� 
indicated i.lY the f ir st guidel ine , non-labor intensive cash 
crop and p sture based l ivestock enterprises should be  emphas iz ed when 
labor supplies are restricted . However ,  the various models  considered 
in this s tudy · lso ind icated tha · these enterprises were also utili zed 
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to ke maximum use of available l abor .  Therefo re a predominantly cat t le 
f ing enterpri e mix might have some c ash c rop en terprises as so ciated 
tb it to utilize labor available in labor periods not heavily used in 
ding cattle . Two uch · periods were period three (April 1 to April 30) 
period ight (July 1 6  to Ju ly 31) . 
Barley prod�ct ion remained essentially constant throughout all 
th comparisons of _nterprise mi xes made in this study � It remained a� 
or ery near th 2 50 acre maximum barley acreage ermitted in all models . 
Only when 1 bo r nd capital supplies to the firm were unlimited was barley 
f • In all other inst ances it remaine d s t rictly a cash crop  enterprise • 
Only under the tow line irrigation model supplied with unlimited labor 
unlimited capit al was any barley acreage irrigat ed . In all ot her 
inatanc s i t  was a d ryland crop. Two factors figure prominently in 
proaoting this almost constant level o f  barley product ion .  One f actor 
va that though b arley did not yield as much per acre as oats , it was 
a •ignificant ly better cash crop .  Also , thou�� not quite as good a cash 
crop as wheat , it yielded mo re per acre . The second factor was that 
barle h can make better use of unused y , as comp�red to oats and w eat , 
labor , such as pe riods three and eight above . · Barley , oats , and wheat 
are all 1 Barley ._ howeve r , was usually harvested P anted in period t hree . ,. 
204 
in period eight rather than period ten (S eptember 1 to November 15) which 
was one of  the mos t  res t ric tive of the ten l abo r periods , as wil l  be 
pointed out later.  
Because the barley acrea ge was limited to a maximum of  2 5 0  acres , 
once the l imit was reached wheat was in troduced as the primary cash crop . 
As the labor suppl ies to the models were more s everely rest ric ted , the 
product ion o f  wheat increased s ubstantial ly as a s t ric tly cash crop 
enterpris e .  Wheat  product ion , in one case , reached its  maximum allowab le 
level o f  350 ac res . Only one o f  the three irrigat ion models unde r  the 
conditions o f  unl imited labor and capital produced wheat . The tow line 
irrigat ion model produced and f ed wheat a fter the maximum al lowab le b arley 
acrea ge was reached . In all o ther instances where wheat  was produced it 
' 
was a cash crop enterpris e .  Once the barley acreage l imit was reached , 
the emphas is on cash c rop wheat became so great that wheat was extens ively 
irrigated in all but the most cap ital intens ive irrigat ion model . 
Capital Rat ioning 
As indicated by guidel ine number two , cap ital int ens ive but h i gh 
aarginal re turns producing cattle feed ing enterprises in general and d ry­
lot cat t le feeding enterprises in particular sho ul d b e  emphas ized when 
capital suppl ies are res tricted . Of these enterprises ,  the beef cow an
d 
calf enterprise served the p rimary fWlction , when used at all , 
o f making 
uae of available unused l abor . I ts secondary function was th
at o f  a cal f 
producing ent e rprise .  so g reat was the empha� is on feed in
g enterprises 
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capit 1 w s c rce tha t capital wa · d iver�e from the purchase and 
ing o f  live tock t the purchas and o perat _o o f  irrigat ion systems 
y to the extent ne cess ary to opt imally meet tl e l ives tock' s feed 
quirement . This opt imum feed s uppo rt ge e rally ook the form o f  
reased corn and al fal fa acrea ges with first prio rity b e ing placed on 
irrigat ing co rn .  Whenever the firm ' s enterprise ix was predominantly 
ttl feeding , the tot al corn acreage was always irri gated . As the 
beca mo re c t t le feeding o rientat ed , the i rrigat ion o f  al f al fa 
aded to d rop o f f  in f vor o f  increased irrigated corn ac reages . At 
till w a p s ture irrig at ed .  
The only siguif ic n t  deviati on f rom the above two l abor and 
ital r ioning trends occurred under the center pivot irrigat icn 
1 promo ted pri rily b y  the capital nt ensity o f  the center pivot 
t • it sel f. Unde r this part icu lar model the t rans it ion f rom pre-
ion as labor 
feeding operat ions to predominantly cash crop opera­
t ric tions replaced capit al res t rict ions was much more 
gr dual than with the o ther two models . Also the center pivo t model ' s  
live tock enterprise mixes were p redominan t ly pas t ure b ased livestock 
t rprises and th� t rans ition to a p redominan tly drylot cat tle feeding 
terprise mix occurred only when capital availability app roached the 
UDliaited level . 
-.;bor Importance 
As indicat ed by guideline number four ! the availab il ity o f  labor 
fo9 d to b e  the mos t  severe rest ric-• each of the t en l abo r per io ds appea�e 
tion upon the development o f  i rrigat ion by the farm firm . It cannot 
be too strongly ph s · zed that the real restrict iveness of the labor 
on the development o f  irrigation was iot the total amount r f  labor 
nilable annually but was rather the amount o f  labor aval able in each 
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o f  the ten l abor pe riods . Th is is indicated in Table I.XVI II which clearly 
bows that , when the amount o f  labor available in each labor pe riod was 
r etricted in any way , the total labor supplied for all ten p eriods by 
the operator and h is f amily and by the hired man were o ft en less than 
fully utilized . This was due , of  course , to the non-t rans ferab il ity o f  
unused labor f om one labor pe riod t o  another . When the labor suppl ies 
for each period were unl imited the to tal labor supplie d  b y  the operat or 
and bis family was generally much mo re fully ut ilized . Unused labor 
existing when the labo r s uppl ies were unl imited meant merely that net 
r turns to the firm we re maximized by an enterprise mix which requi red 
n amount of labo r in some labor periods which was less than the amount 
of labor that coul d  have been supplied by either the operator and his 
faaily alone or  by the operator and his family plus the hired man . 
Some labo r perio ds cons is tently had labor requ irements imposed 
upon them which were easily met . Other periods were cons ist en t ly over­
taxed . When the labo r  s upplies were restric ted these overtaxed periods 
became significant f ac t o rs halt ing the development o f  the firm through 
irrigation . The two mos t  cons istently overtaxed labor pe riods were 
period ten (Sei..t ember 1 t o  November 15)  and period five (June 1 to June 
15) . Period seven ( July 1 to Ju ly 15)  also often became a res
t ricting 
period . The two mos t  consistently nonrest rictive periods which allowed 
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Table LXVI II . Comparison o f  the Percentages o f  Ut liz ation o f  the Total 
Annual Labo r Supplied by the Operat o r and Family and by 
th� Hired Man 
leatriction Comb inat ion Dry land Tow Line Wheel Move Center Pivot 
Irrigat ion I rrigat ion I rrigat ion 
lo hired labo r and 
unlimited capital 
Operator and family 82% 79%  7 6% 
Hired man 0% 0% 0% 
Limited hired labor and 
unlimi ted capital 
Ope rator and family 100% 99% 9 7 %  
Hired man 55% 43% 48% 
Unlimi ted labor and 
$292 , 02 8  annual capit al 
97% 100% Operator and family 99% 
. Hired man 7 6% 69% 7 7% 
Unlimited labor and 
$334 ,545 annual capital 
100% 1 00% Operato r  and family 00% 
Hired man 84% 82% 88% 
Unlimited labor and 
unlimited capital 
100% 100% 100% Operato r and family 9 5% 
Hired man 4 7% 81% 7 2% 63% 
labor t� go unused were periods t hree (April 1 to Apr i l  30) and pe riod 
e ight ( July 16 to July 31) . 
General Summary 
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The purpose of this s t udy was to examine the e ffec t s  o f  irriga­
t ion on a s imulated represen tat ive f arrn firm in the Eas t e rn  Mis souri Slope 
Area of South D ako t a . Couple d with this was the examinat ion o f  t he 
effec t s  of  various res tric t ions o f  capit al and l abor on irri gat ion in 
the study are a .  In b oth cases , the intent o f  the s t udy was t o  obt ain a 
broad ove rview o f  irrig at ion as a whole through the comparison o f  three 
individual sprinkler irrigat ion systems represent ing all availab le 
systems sui t ab le for the s tudy area . The re fore the t ow l ine syst em was 
utilized for its labor int ens it y and the center p ivot system was chosen 
for it s  capital int ens ity . The wheel move sys t em was utilized as a 
•dian example of labor and c a.pit a! intensity in o rder to  mo re clearly 
indicate the manner in which the transit ion was made b etween the resul ts 
of the tow line model and of the center pivot model at each p o in t  o f  
comparison . 
Even though the overview o f  this st udy on irrigat ion was 
intended to be quite broad it was possible to very clearly indicate wh ich 
of the three sys tems analyz ed was best suited for the s tudy area . When 
the "be st suit e d" sys t em  wa s defined as the sys t em which ret urned the 
great est net ret urns to the firm the tow l ine irrigat ion sys t em wo u
ld be 
the syst em best suited fo r the s t udy area.  The whe el move and cen t e r  
Pivot syst ems would follow in that order.  Table LXIX pre
sen ts b oth the 
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able LX • c risen o f  Net R-turns and o f  Ret u s to Ma agement* 
a tric t ion Comb in t ion 
hired labor and 
ildted api t 1 
Net returns 
Returns to management 
ited hired 1 bor and 
imited capi tal 
Net ret · ms 
leturns to agemen t 
limited 1 bor and 
292 , 02 8  nual c p t al 
Net returns 
leturns to management 
UDl.imited labor and 
$334 , 545 annual capital 
et returns 
Returns to managemen t 
liaited 1 bor  and 
imited capit al 
t re turn 
Returns to management 
Dryl nd 
$2 0 , 027 
0 
Tow Line 
Irrigat ion 
$18 , 441 
0 
$2 9 , 197 
1 72 
$'3 2 , 5 7 5  
3 , 981 
$33 ,468 
4 , 934 
$35 , 450 
6 , 285 
Wheel Move 
Ir igati  n 
$1 7 , 5 12 
0 
$26 , 44 7  
0 
$29 , 924 
1 , 441 
$3 0 , 94 3 
2 , 488 
$32 , 824 
4 , 2 7 7  
Cent er Pivot 
I rrigat ion 
$15 , 952 
0 
$21 , 9 11  
0 
$24 , 4 78 
0 
$24 , 818 
0 
$25 ,  715 
0 
turns to man agemen t rep res ent returns to the model
 a fter  all ove rhead 
charges have been made . These char ges include a $2 . 00 pe r man-hour 
charge for the operat o r  and family labor and the overhead
 lab or used in 
the model .  
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t returns and the returns to m agement p roduced by the farm firm 
utiliz ing each of the three irrigat ion systems nde t he various restric­
t ion comb ina tions applied to the model . The b ro de t pos s. ible f fects 
of irrigation can be seen in the comparison of the d ryl and firm ' s net 
turns and returns to management as compared to the firm utiliz ing 
ch of the irrigat ion systems when all four model s were all owed unlimited 
ital and unlimited labor.  
The fac t , however ,  that in some cases the firm was unable to 
rate any re turns to anagement does not indicate the full position 
the firm. In order t o  arrive a t  the returns to man gement the follow­
procedure was used . All overhead or non-allocated costs  not s pecifi­
lly accounted for in the model were subtracted f rom net ret urns . Any 
unt remaining represented returns to land , labo r ,  and management . 
xt the equivalen t o f  a seven percent interest charge on total l and 
tment w s ub t racted . Any amount rema ining represented returns to 
bor and man em nt . I f  the full seven percent C()Uld not be deduc ted 
th ac tual percentage that could be paid on l and inves tment was computed . 
t a $2 . 00 per man-hour charges was made for the 4 , 37 6  man-hours o f  
operator and family l abo r and overhead labor inherent i n  the model . 
The amount remaining represented the returns to mana gement .  I f  the full 
$2. 00  per man-hour coul d  not be made the actual charge per man-hour 
t t could be made was calculated . Table LXIX present2d the returns to 
nagement possibl e  f rom the various comparisons made in
 this s t udy . 
ble I.XX presents the labor charges possible and Table LXXI presents 
th rcentages o f land val ue possible to be earned. 
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Comp rison o f  Charges fo r Operate and Family Lnbo r  and 
for Overhead Labor Suppo rted by the Planning :Ho dels 
triction C0inb inat ion Dryland 
hired labor and 
malimi ted capit 1 
Liaited hired labor and 
unlimited capi tal 
u imited labor nnd 
292 . 02a annual c pit al 
u imited labo nd 
34 . 54 5  annu cap i t al 
Unlimited labor and 
unlimi ted cap i t al 
*Charge per man-hour 
$ . 53 
o f  l abor . 
Tow Linc 
Ir rigat ion 
$ 0 
$2 . 00 
$2 . 00 
$2 . 00 
$2 . 00 
Wheel Move 
Irrigat ion 
$ 0 
$1 . 5 0  
$2 . 00 
$2 . 00 
$2 . 00 
Center Pivo 'C 
Irrigat ion 
$ 0 
$ . 79 
$1 . 31 
$1 . 32 
$1 . 37 
able LXXI . Com rison o f  Percen age Returns to Tot 1 Land Investment 
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trict io Comb inat ion Dry! nd Tow Line Whee l Mo 1e Center Pivot 
Irrigat ion I rrigat ion I rrigation 
lo hi ed labo nd 
imited cap i t al 6. 8% 6 . 5 % 5 . 9% 
LDdted h ired labor nnd 
imi ted cap i t al 7 . 0% 7 . 0% 7 . 0% 
Unlimi ted labo r and 
292 , 028 annu 1 capit 1 7 . 0% 7 . 0% 7 . 0% 
lJulimi ted labo and 
334 , 545 annual cap i t al 7 . 0% 7 . 0% 7 . 0% 
Unlimi ted labor nd 
imi ted cap i t  7 . 0% 7 . 0% 7 . 0% 7 . 0% 
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Table LXXI I pre ents t e o rces of g ro s income for each model 
er the various co b inations o f  restrict ions . The two sources o f  
ome were gro s s  income from cash crops and gros s  ·· ncome from livestock. 
contribution to the total gross income from each source �as presen t ed 
a perce ta ge o f  the total figure . Caution mus t be  exercised in inter­
pret ing the r s ul t s  f rom this table . Livestock unit s provided s ubst n­
ttally greater marginal returns per unit to the firm than d id a unit of 
h crop . Therefore the percen t ages do no t realist ically indicate thP; 
true pic ture of the mo del s  enterpr ise mix . For example , in case where 
cash crops provide 25 percent o f  the gross income the firm was probably 
ry subs tant ially cash crop orientated . The main purpos e o f  thio table 
a to ind ic t e  the gene-al restriction levels at which the trans ition 
from predominan tly cash crop to predominantly livestock ente rprise mixes 
• m de for each model . 
Addit ional Res earch Required 
Ad dit ion al research required in this area of irrigation is for 
the mos t part both obvious and infinite �  Cbviously , i f  research s imilar 
to this s tudy proves us w ful , such studies should b e  applied to areas not 
already subj ected to such analys is where the possib il ity for irrigat ion 
11ay exis t .. With regards to this particular s t udy the additional research 
requirements can be as infin ite as nwnber o f  ways the variables within 
the models can be al t ered . New c rops could be  added to the model o r  
some could b e  remo ved a s  t ould l ivestock enterP.rises . Completely new 
T ble LXXII . Compari on of  Source o f  Gross I come 
le tric t ion Comb ination 
hired labor and 
iJaited capit 1 
Tow line irri g  t ion 
Wheel move i rrigat ion 
Cent r pivot i rri at ion 
Liaited hired labor and 
imited capit 1 
Tow line i ri gat on 
Wb el move i rrigat ion 
Cent r pi ot  rrigat ion 
Unlimited labor and 
$292 , 02 8  annual capit al 
Tow line i rri at io 
Vheel move i rrigat ion 
Center pivot irrig tion 
Unl imi ted labor and 
334 ,545 annu l inco e 
Tow line irri at ion 
Wh el mov i rrigat ion 
Center pivot i rri at ion 
Unlimited labo r and 
hlited capit al 
Dry land 
Tow line irrigat ion 
Wheel move i rrigat ion 
Center pivot i rrigat ion 
Gross Income 
$ 9 3  810. 00 
8 6 , 99 9 . 00 
84 , 7 07 . 00 
$2 72 , 97 6 . 00 
265 , 2 1 3 . 00 
225 , 810. 00 
$39 1 , 4 70 . 00 
3 80 ,1 35 . 00 
34 5 , 609 . 00 
$44 1 , 948 . 00 
4 28 , 9 7 0 . 00 
3 91. , 4 35 . 00 
$195 ' 82 1 .  00 
599 , 025 . 00 
5 6 3 , 864 . 00 
545 ,2 9 7 . 00 
Percent o f  
From C"'sh 
36% 
38% 
34% 
25% 
22% 
11% 
13% 
.. 12% 
0% 
7 %  
7 %  
0 % 
0% 
0%  
0% 
0 %  
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ucome Percent o f  
Crops Income From 
Livestock 
64% 
62% 
66% 
75%  
78% 
8 9% 
87%  
88% 
100% 
9 3% 
93% 
100% 
100% 
100% 
100% 
100% 
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ice tab les cou d be used and completely d if feren� res triction comb ina­
tion cculd be 3pp ied .  All of these would produce useful and signif icant 
ults which would add to th body of eccnomic planning data on irri ga­
tion. 
ow v r ,  there are essent ially three Dpec ific areas in which 
di ional e search would be very s ignificantly useful Firs t as was 
indicated in this study , labor available in each of the ten labor periods 
appeared to be the primary rest ric ting f actor on irrigat ion development 
the study r a .  Only one set o f  labor rest rict ions was utilized here . 
labo r av il ble to each period should be restricted through a series 
f levels to es tabl ish in much mo re de t ail the t rue importance o f  each 
of the ten periods to the development of the firm. In part ic ular , the 
t re tric t iv of all ten l abor periods , period- t en , sho ld be b roken 
d into sm lle r units so as to mo re clearly isolat e  the exact nature 
of the re t rict ion . 
Second , i t  was seen that when unl imited labor and unlimited 
c pital wa made availab le to the wheel move and center pivot irrigation 
Planning models both models maximized net returns t o the firm at irri ga­
tion levels signi f i cant ly b elow the maximum level pos s ible for them under 
the condit ions of this s tudy . All models were res t ricted to a maximum of 
960 irrigated acres . Out of this it would be  phys ically poss ible  for 
th wheel move sys tem to i rrigate 924 acres and the center p ivot 828 
acres . Net returns to the firm were maximized under the wheel move model 
t n irrigat ion level o f  7 04 irrig ated acres . · Under the center pivo
t 
laOcl 1 ,  the level was 6 7 7  irrigated acres . opt imum i rr igat ion When the 
1 move i rrigat io� mod�l was forced to irrigate 924 acres , an incr
ease 
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of 22 0 acres over the opt imum , net returns to the firm decreased by only 
$528 . When the center pivot irri gation model was forced to irrigate 828 
acres , an increase of 151 acres over the opt imum , net returns to the firm 
decreased by only $1 , 404 . I t  could be said that these two decreases in 
net returns might be a type o f  stability insurance payment .  They were 
a cost to the firm o f  obt aining the addit ional crop production and income 
tability that would normally come from the increase in the irri gated 
acrea ge . Addit ional research is required on how highly the individual 
operator values the stab il ity to be gained from irrigat ion . Would he 
be willing to pay this stability insurance cost ?  
Third , this study has been a static analysis applying one set o f  
resource variables , f ixed in either price o r  quantity , t o  the model at a 
time . Dynamic research is now required wherein a model ut iliz ing 
variable resource levels should be developed and applied to irrigat ion 
nalysis . The cont ribution o f  such an analysis to the present  body o f  
conomic planning data dealing with irrigation would b e  immeasurabl
e . 
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Appendix A 
LABOR RESTRICTIONS CALCULATIONS 
During 1971 William J .  Folkerts completed a Master ' s  thesis for 
the Economics Department o f  South Dakota State Univers ity entit led , "A 
Comprehensive Analysis o f  The Rural Labor Force In East-Central South 
Dakota ,"  which had as one o f  its stated obj ect ives the determination 
of the size o f  the rural labor force in the study area. 73 In this thesis 
the labor force was defined as individuals , both male  and female ,  between 
the ages o f  14 and 65 years o f  age . 74 The segment o f  the population of  
the area interviewed was asked to consider their. normal work loads and 
to indicate the additional work levels they would desire per day accord­
ing to seasons . 75 The definition of the labor foTce used in Folkerts ' 
tudy was considered to be comprehensive enough to warrant the as sumption 
that the farm firm would be unable to draw hired labor from any other 
1 bor fore as defined by a greater difference in ages . It was therefore 
assumed that the available hired labor figures in Folkerts ' study would 
erve as a legit imate basis for the calculation of the hired labor 
restriction figures used in this study .  
73william J .  Folkerts , "A Comprehensive Analysis of  n;ei Rural 
Labor Force in East-Cent ral South Dako t a" (unpublished Master 8 thesis , 
South Dakota State Unive rsity ,  1 9 71 ) , P • 1 0 .  
7 4 Ibid • , p • 13 • 
7 5Ibid . , P.• 35 .  
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lYo underlying assumptions were made prio r to the application o f  
the available hired labor figures of  Folkerts ' s tudy t o  the present 
tudy ' s  requirements . It was first assumed that the populat ions o f  the 
two study areas were identical in all ways except in s ize . The second 
aa umption was that hired labor could be obtained by the farm firm only 
from within the study area . 
The first step required in applying Folkerts ' figures to the 
r quiremen s of this study was to t ransform the seasonal daily figures 
obtained by Folkerts into daily figures for each of  the ten labor periods 
aeed in the present study .  The dates for the four seasons used by  
olkerts were taken from the questionnaire used in the study. 7 6  Table I 
pre ents the hired labor availabil ity figures which were obtained in 
Polk rts ' s tudy . S ince it  was questionable that remale labor would be 
ailable for hire for farm work in general and for irrigation work in 
particular only available male labor figures were ut ilized in this study . 
Th next step required in making Folkerts '  figures applicable 
to the present study was the adj ustment of these figures for the differ­
ences in the population densit ies o f  the two study areas . Underlying 
thia step was the assumption that the populations of the two s tudy areas 
Were ident ical in all respects except for s ize . Fol'kerts '  study area was 
the East-Central area of  South Dakota which included the counties o f  
7 7  
Lake , Moody ,  Minnehaha , Brookings , and a small portion o f  Kingsbury. 
76 Ibid . , pp . 70-71 . 
77 Ibid . , pp . 10-12 .  
Appendix A. Tabl• I .  Add1:tional Work Des ired b y  Rural Labor Force . Per Day . b y  S ex an d  Season 
Male  Female 
Seasons Hours o f  Work Des ired Number Percent Number Percent 
Winter 0 hours 2 , 5 30 7 4 2 , 311 7 3 
4 hours 465 13  494 15 
8 hours 449 1 3  3 94 12  
Subtotal 3 ,444 100 3 , 199  100 
Spring 0 hours 2 , 969  8 6  2 , 514 7 9  
4 hours 2 7 7  8 402  12 
8 hours 198 6 283 9 
Subtotal 3 , 444 100 3 , 199 100 
Summer 0 hours 2 , 880 84 2 ,4 30 7 6  
4 hours 217  6 310 10 
8 hours 34 7 10 459  14 
Sub total , 3 ,444 100 3 , 199 100 
Fall 0 hours 2 , 901 85 2 , 465 7 1  
4 hours 322 9 4 2 2  13  
8 hours 221 6 312 10 
-- -
Subtotal 3 , 444 100 3 , 199 100 
Source : William J .  Folkerts , "A Comprehensive Analysis o f  The Rural Labor Force in East-Central South 
Dakota" (unpublished Master ' s  thes is , South Dakota State University , 1971) , p.  36 . 
t..> N � 
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In conversa tion with Folkerts it  was dec ided that one percent o f  the 
populat ion o f  Kingsbury county should be used real izing that this would 
be an underest imation of the population size actually contacted in this 
county . It was intended , however , that this underest imation would com­
pensat e to some degree for the small areas in the other counties not  
covered by Folkerts ' survey but  which were included in the population 
figures used here . The study area considered in the present  study was 
the Eastern Missouri Slope Area of South Dakota which included the 
counties of Campbell , Walworth , Potter , Sully , and Hughes . 78 All 
populat ion figures were based on figures taken in the 1 97 0 United States 
Census Report . Table II presents the populat ion figures used here . 
From these figures it was computed that the population o f  the study area 
used in this work was approximately 21 percent of the population of the 
tudy area used in Folkerts ' work. 
After the available hired labor figures obtained from Folkerts '  
study were adj usted as shown above it was necessary to determine the 
number of man-hours of this available labor which would , in fact , be 
available to one individual fann firm . This was accomplished by first 
assuming that the total amount o f  available hired labor would be avail­
able for irrigation purposes on the farm. Although this assumpt ion may 
be unrealistic it was necessary because of the impossibility o f  est ablish­
ing any realistic breakdown o f  available labor according to  j ob typ
e . 
78see Figure I ,  page 7 . 
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Appendix A, Table II . Population Figures 
Study Area Population Size  
Eastern-Missouri Slope Area : *  
Campbell 
Hughes 
Potter 
Sully 
Walwo rth 
Subtotal 
Ea t-Central South Dakota: ** 
Lake 
Moody 
Minnehaha 
Brookings 
Kingsbury*** 
Subtotal 
*Study area used in Myron W. Wolff ' s  Master ' s thesis . 
**Study area used in William J .  Folkerts ' Master ' s  thesis . 
2 , 866 
11 , 63 2  
4 ,449 
2 , 362 
7 ,842 
29 , 151 
11 , 456  
7 , 622  
95 , 2 09 
22 , 158 
7 7 
136 , 52 2  
***Onl h d d
 d Y one percent o f  the population was surveyed in t e stu Y con u
cte  
by Folkert s .  
Source :  1970  United States Census Figures . 
The ut ilization of this assumption created the absolute  maximum amount 
of hired labor available for irrigation purposes . In order to d
etermine 
the amount of this available labor which would , in fact , be  av
ailable 
to one ind ividual farm firm out of the entire study area 
it was decided 
to use a man-hour of available hired labor per irrigable 
acre concept . 
To do this the total amount of  hired labor available 
was divided by the 
total number of irrigable acres in the entire s tudy 
area . The total 
number of acres in the study area that could be cu
rrently economically 
feas ibly irrigated was obtained from the Land C
lassification Division 
of the Bureau of Reclamation at Huron , South D
akota . 79 These f igures 
re presented in Table III .  As the represent
at ive farm f irm in this 
study was allowed a maximum of 960 acres whic
h it could irrigate , the 
number of man-hours per irrigable acre estab
lished above was multiplied 
by 960 . This , it was felt , gave a reasonab
le approximation o f  the 
amount of hired labor which wo
uld be available to one i
ndividual farm 
firm in the study area . It must be em
phasized here again that all 
computa t ions were made on an individual 
labor period b asis  rather than
 
on the bas is o f  the total labor availa
ble for one full  year . 
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7 9Telephone conversation with 
Fred Milfred , Land Clas
s ification 
Division ,  . Bureau of  Reclamat ion ,  Hur
on , South Dakota , July 
3 0 , 1 9 7 1 , 
Two classifications of  land suit
able for irrigation w
ere given in Table 
III ,  Appendix  A , page 2 28 . cate gor
y I acres were those  
which were 
currently e i lly feasible  for 
irrigation . Category I I  
acres were 
conom ca  · b l  f i · 
those ,  in addit ion to  category I a
cres , which were s�i
t a  e o r  rri-
gation only afte r correct
ion o f  drainage probl
ems which were ext e�sive 
enough to render them cur · ·ently ec
onomically n�n- feas i
ble  for irrigation . 
Only Catego ry I acreage was used 
in the study . 
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Appendix A ,  Table III . Ir rigation and Acreage Stat ist ics 
Type of Acreage Counties 
Walworth Hughes Potter Sully Campbell Total 
Category I* 85 , 210 14 , 210  85 , 710 44 , 847 7 3 , 841 3 03 , 818 
Category II** 28 ,240 40,1 70 43,370 4 3 ,206 17 ,94 9  172 , 935  
Total potentially 
irrigab le acreage 113 ,450 54 , 380 129 ,080 88 ,053  91 , 7 90 4 76 , 75 3  
Actual irrigated 
acreage 705 3 , 949 870 2 , 840 4 60 8 , 824  
Source : Potentially irrigable acreage informat ion based on Correspon­
dence with Fred Mil fred , Land Classification Division , Bureau 
of Reclamation , Huron , South Dakota , July 3 0 , 197 1 .  
Actual irrigated acreage information based on Correspondence 
with : 
James Likness , County Agent , Hughes county , 
July 27 , 1971 ; 
Larry Madsen , County Agent , Pot ter  county , 
July 26 ,  1971 ; 
Michael Madden , County Agent , Campbell count y , 
July 28 , 197 1 ;  
John Skogburg , County Agent , Walworth county ,  
July 27 , 1971 ; and 
Harold Wood , County Agent , Sully county , 
July 27 , 1971 .  
*Acreage currently economically feasible for irrigation . 
**Acreage not  currently economically feasible for i rrigat ion due to 
costly correct ion of  drainage de ficiencies present . These acres are 
in addition to Category I acreage . 
Obj ections to the assumption that all available hired labor be  
applied to  irrigation purposes on  the grounds that such an  assumption 
uld present unrealist ically inflated labor availability figures can 
now be countered somewhat .  The labor availability was based on the 
amount of labor available per irrigable acre , not per irrigated acre . 
Out of the 303 , 81 8  irrigable ac res in the study area80 only 8 , 824 acres , 
or two and nine-tenths percent , are currently being irrigated . 81 Basing 
the hired labor availability figures on the acreage it was possible to 
irrigate rather than upon the acreage that was actually irrigated 
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ignificantly reduced the amount of  labor available to the representat ive 
f rm firm. The reduction in the amoun·t of available hired labor might 
be significant enough to of  £set the inflation caused by the assumption 
that all available labor was supplied to irrigat ion . Table I II  presented 
th actual irrigation levels for each of the counties in the s tudy area . 
Table II I ,  page 31 of this study , presented the final results 
of these computations as the restrictions on the amount o f  hired labor 
available to the farm firm in each ind ividual labor period from outside 
the farm firm itself but from within the study area. From this table it 
can be seen that the firm was assumed to have available a total of  8 96 
laan-hours of  hired labor annually which was obtained from within the 
•tudy area .  
8 0Tuid . 
81 H ld Wood County Agent , Sully Based on correspondence with aro ' t J 1 county , July 26 1971 • James Likness , County Agent , Hugh�sl
co� yi
97
� · y 
2La7 , 197 1 ;  John Skogbu;g ,  County Agent , Walworth ��un��Jl ·ua�d Michael ' rry Madsen County Agent Potter county , July ' ' U-..1 t . ' 2 7  1971 QtlClden , County Agent , Campbell county , July ' • 
It  was also assumed for this study that the firm would employ 
one full-t ime hired man . The firm' s labor force would now consist of 
the operator , his family ,  and one full-t ime hired man . The hired man 
a assumed to supply the firm with the same amount of labor annually 
did the firm ' s operator . Therefore , the hired man would  supply the 
firm with a total of 3 , 224 man-hours of labor annually . 82  This labor 
also allocated to the labor periods in the same amounts as was the 
operator ' s labor .  These figures are presented in Table III , page 31 . 
All labor ut ilized by the f irm supplied by either the h ired man or by 
individuals hired from within the s tudy area were assumed to cost the 
firm $2 . 00  per man-hour . 
82see Table III , page 31 . 
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Appendix B 
CAPITAL RESTRICTIONS CALCULATIONS 
The basis of the capital restrictions applied to the model was 
the optimum dryland farm firm as established through the application of  
the linear programming process to  the basic model . The amounts of  
capital for each o f  the five types o f  capital designated for  the dryland 
farm model which this optimum farm firm required were taken as the total 
value o f  the dryland farm firm. It was from this total value , the sum 
of the total values of the five capital types , that the irrigated farm 
firm mus t be developed .  The initial total values for each of  the five 
types of capital were as follows : Annual operat ing capital - $24 , 688 , 
Period two operating capital - $4 ,812 , Livestock' facility capital -
$20 , 77 3 ,  Livestock animal capital - $99 , 601 , and Crop machinery capital -
$14 , 605 . This was a total capital base o f  $164 , 4 79 from which an 
irrigated farm firm was to be developed . 
In ef fect , what was being said here was that the farm operator  
already pos sessed the optimum dryland farm firm and des ired to convert 
this into an optimal irrigated farm firm. He converted the entire 
dryland firm into l iquid assets , and utilizing this capital base , devel­
oped an irrigated firm on the same land base . The purpose of this s�udy 
was , in part , to determine the opt imum irrigated enterprise that could 
be thus established .  This procedure also assumed that the operator must 
pay the assumed interest rates on all capital used in the firm . 
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The total value of the land base of  the representative farm 
firm was no t included in this init ial capital base . This was done for 
two reasons . First , the land value was not directly figured into the 
odel because the same ident ical land base was to be used for both the 
dryland farm firm and for the irrigated farm f irm.  The operator did not 
have to repurchase the land base when he went from a dryland firm to an 
irrigated firm . Second , the cost to the firm of the land was indirectly 
entered into the model as an annual interest charge on the total value 
of the land . This was because the ret irement of  a land mortgage is 
no rmally a long-term obligation and the model used here was based upon 
a s ingle year . There fore again , the effects of  the cost o f  the land 
upon the model came in the form o f  the annual interest charge on the 
land investment . When the total amount of capital which the firm could 
generate was computed for use as a restriction on the total amount of  
capital available to the model , however , the total value of  the land 
was taken into cons ideration . This was accomplished by assuming that 
the firm ' s op erator could borrow some assumed percentage of whatever 
amount of  the total land investment he was assumed to own free and clear.  
The spec i fic levels of  these assumptions are covered in detail in the 
following paragraphs . 
As noted above , the initial capital base of  the dryland farm 
firm was assumed to  be $164 , 4 79 . It was unrealist ic to assume that the 
firm' s operator held 100 percent unencumbered ownership o f this entire 
capi tal base . Assumptions were made as to the ' percentage o
f  this base 
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that the operator did own free and clear.  For the two cap
ital restrictions 
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computed for the model it was assUliled that the operator owned 6G percent 
and 80 percent of this base . These same percentages were applied to 
the total value of the land base . Lower percentages were not used because 
it was found that the labor restrict ions , as computed in Appendix A ,  
halted the development o f  the firm at  such low levels o f  capital usage 
that to apply additional capital restrictions based on lower percentages 
would have been unnecessarily redundant . Throughout the remainder of  
this appendix the term "equity" will be  used frequently and , therefore , 
at be speci fically defined . As used in this appendix,  the term 
" qui ty "  was taken to mean that percentage of the total value of  the 
dryland farm firm , as computed above , which the operator of the farm 
firm owns . For computational purposes the total value of the dryland 
farm firm was broken down into the five types of 'capital already noted . 
Th assumed equity figures (percentages ) were thus appl ied to these 
capi ta l  types individually. 
In the development of  the farm firm the operator would naturally 
r ly heavily upon borrowed capital . Therefore some assumption had to be 
made as to the amount of capital which the representative farm firm was 
able to borrow. I t  was assumed that the borrowing capacity o f  the firm 
vaa based direct ly upon the operator ' s  equity position . It was also 
assumed that the borrowing capacity would vary depending on the
 basis 
for the loan . The amount of  capital which the firm could b
orrow ( its 
b d Percentage of the as sumed orrowing capacity)  was computed as an assume 
equity position for each o f  the five capital types whi
ch made up the 
t It was here that the total value Otal value of  the dryland farm firm. 
' I  
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of land inherent in the dryland model was reflected in the annual capital 
base of the firm . I t  was assumed that the operator could  annually 
borrow some percentage o f  his present assumed equity in his land base . 
The borrowing plan assumed for this study was represented as percentages 
of the 60 percent and 80 percent equity levels assumed for each of the 
five cap i tal types plus land . The asswned borrowing plan was as follows : 
Annual operat ing capital - 65 percent , Period two operatin g  capital -
65 percent , Livestock facility capital - 60 percent , Livestock animal 
capital - 80 p rcent , Crop machinery capital - 60 percent , and Land 
capital - 50 percent . 
Thus , the total amount of capital available to  the dryland farm 
firm for use in developing an irrigated firm was computed as follows . 
The init ial tot al value plus the total borrowing' capacity equaled the 
total capital available .  When a 60 percent equity pos ition was assumed 
this establ ished a capital restriction on the model o f  a maximum o f  
$292 ,028 o f  available annual capital . When an 80  percent equity posit ion 
was assumed this est ablished a capital rest riction on the model o f  a 
maximum of  $334 , 545  o f  available annual capital . 
In considering the above process of  restricting  the capital 
available to the model it must be remembered that the model was a static 
one . There were no dynamic elements in the model .  The obtaining o f  
capital and the conversion of  the optimum dryland farm into an optimum 
ir rigated farm was a s ingle-step process .  The operator had at  his  dis­
posal the capi tal and labor available to the optimum dryland farm and 
Within these  bounds he optimized the irrigated firm • No consideration 
..,... i i capacities c f  the investments themselves �as g ven the capital generat ng 
2 3 6  
as would be the case in a dynamic model . In a dynamic model irrigation 
would have been developed by stages with each stage increasing the capital 
generat ing capac ity o f  the firm over that of the stage before it . 
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Appendix C 
IRRIGATION COST REVISIONS 
Since Wolff ' s  study was completed various changes have occurred 
in the field of irrigation that would indicate the necessity of a 
revision of  the cost figures as used by Wolf f .  Dominating these changes 
ha been the expanding use of PVC (plastic) pipe in the const ruction o f  
the underground component s o f  the currently used irrigation systems . A 
trend also appears to be developing toward the use of  underground main­
lines in conjunction with all types o f  irrigation systems in all areas 
of the country . Such a trend would make it necessary for any study of  
irrigation to  take into consideration the introduction o f  PVC pipe into 
the system. 
PV C  pipe is the conunonly used abbreviation for Polyvinyl 
Chloride compound pipe . Plastic pipe , or PVC pipe as it will be  referred 
to from here on , tends to meet and in some cases exceed all the require­
ents now called for in irrigation pipe . PVC pipe does have disadvantages 
which must be considered although they seem to stem ,  for the most part , 
from the limited use of  this pipe in the study area . In considering the 
uee of PVC pipe and the cost reductions associated with its use it must 
be remembered that currently this pipe is designed only for underground 
u •• 
One of the maj or advantages to the use of PVC pipe is its 
•ignificant weight advantage over most other types of pipe . Length for 
1 i i · s less than all other ength for any underground installation t we gn 
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types o f  pipe except for alumintun pipe . The weight advantages of alumi­
num pipe in underground installations are negated b y its low corrosive 
resis tance and its high installation costs .  1�e weight comparisons 
of the various types of underground pipe are given in Table I .  
The advantages of PVC pipe are reflected in two important 
areas . Firs t , decreased transportation costs resul t in a lower cost per 
foo t  than would be the case for heavier pipe . Second , the weight 
advanta ge and the pipe ' s  high resistance to corrosion reduce labor and 
equipment requirements for installing and operating the system .  At the 
present t ime these savings in labor are estimated at approximately ten 
percent of the current requirements of all systems except the center 
pivot system. The center pivot system would probably show no s ignificant 
labor reduc tions as it has the lowest labor requirements o f  the systems 
considered here already . Also this system is moved less during operation 
than any o ther system and is usually left in place between seasons . 
Proper pro ect ion agains t winter freeze-up is essentially all that is 
required to provide a virt ually permanent year-round underground component 
for any PVC irrigat ion ins tallat ion. 
One disadvantage that PVC pipe shares with all other pipe types 
is high installation cos ts in the s tudy area . This factor is more 
significant for the PVC pipe than for the other types because it is  the 
newest and least used type of pipe in the study area. If  irrigation 
becomes intensively used in the study area and if the use o f  PVC p ipe 
increases at least proportionately with that of the other pipe typ
es the 
f PVC ipe would probably be greater cost reduc tions accompanying the use 0 P 
Appendix C ,  Table I .  
Type of Pipe 
PVC pipe 
Fiberglass pipe 
Weight Compa=isons of Eight Inch , High Pressure , 
Underground Mainline Pipe 
Steel pipe (1/ 4 inch wall thickness)  
Asbestos-cement pipea 
Aluminum 
aAlso to be considered with AC pipe is that in 
13 . 5  lb . j oint -coupler must be added every 13 . 5  feet . 
Source : Weights set in consultation with s .  W .  Black , Extension 
lrrigat ion S pecialist , South Dakota State University , July , 
1971 . 
than for any other . In the southwest part o f  the United States PVC 
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pipe is currently being extensively used . The installat ion costs there 
run approximately 15 cents per foo t. 83 Irrigation is mos t  intensive in 
the southeas tern part of South Dakota at this time . Installation costs  
for PVC pipe there run approximately 3 0  cents per foot .
84 Installation 
85 
cost� in the s tudy area currently run approximately 50  cents pe
r foot . 
S3Interview with s .  w .  Black , Extension Irrigation Special
ist , 
South Dakota S tate University , July ,  19 71 . 
84 Ibid . 
aslbid . 
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Irrigat ion is not currently being extensively used in the study 
area . Neither is PVC pipe being used to any great extent . The trend 
toward irrigation is very real , however , and the t rend toward the use 
of PVC pipe in irrigat ion is expected to follow in South Dakota . 86  
Therefore , the cost figures on irrigation utilized in this study reflect 
these expec ted trends . The actual costs are based on f igures currently 
being experienced in the southwest part o f  the United S tates . 
The s tudy made by Wol ff made extensive use of  Extension Circular 
680 from South Dakota S tate University87 in establishing the irrigation 
cost s  used in his study . S ince completion of this study new data 
indicated a revision to these figures was necessary .  These were reduc-
tions in both the labor requirements and the repair costs  of some of the 
systems considered here . These revisions , where �appl icable , were also 
included in the data upon which this study was based . 
Additional cost reductions were achieved by eliminating the 
land-leveling costs assumed by Wolff .  Discussions with extens ion 
irrigation personnel at South Dakota State University indicated that 
land-leveling requirements accompanying the use of sprinkler irrigat ion 
in the s tudy area were negligible . The irrigation costs  assumed in this 
study are given in Tables I ,  II , and III of  Appendix G. 
Comparison of these costs with costs not reflect ing the use o f  
PVC pipe show very small cost savings . It must be  emphasized , ho
wever ,  
86Ibid . 
8 7
Aande rud , op . cit . ,  PP • 3-5 . 
that the non-PVC costs were based on completely above-ground systems . 
'l'he revised figures used here re flec t the introduction o f  underground 
PVC mainl ines . This is  normally a much more expensive inst allation 
than the above-ground installation . The s ignificance o f  the cost  
avings was �nhanced by  the fact that a more expens ive ins tallation 
a used and cost savings were st ill realized . Data and information 
in this appendix was obtained from consultat ions with extens ion 
irrigat ion personnel in the Agricultural Engineering Department at 
South Dakota State University . 
r 
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Appendix D 
ANALYSIS OF INCREASED IRRIGATION LEVELS 
UNDER CONDITIONS OF RESTRICTED LABOR 
SUPPLIES FOR THE WHEEL MOVE 
IRRIGATION PLANNING MODEL 
The most singularly significant occurrence in Chapter 7 was the 
increase o f  the level o f  irrigation when the labor supply to the wheel 
move irrigation planning model was decreased from an unl imit ed supply to 
one consisting of operator and family labor plus a limited amount  of  
hired labor .  A review of  Table XXXV, page 130 revealed the exact revision 
in land use plans which accompanied this occurrence .  
r Under the unrest ricted labor model a total o f  7 04 acres o f  crop-
land were irrigated o f  which 552 acres were plant�d to corn and 15 2 acres 
w re planted to alfalfa.  When the labor supply was restricted to the 
operator and family labor plus a limited amount of hired labor the level 
of irrigation increased 29 acres to 733 acres . Of this irrigated acre-
age 388 acres were planted to corn for a decrease o f  164 acres from that 
of the unrestricted labor model . The restricted hired labor model also 
planted 86 acres of irrigated al falfa which was a decrease of 66 acres 
from that  of the unrest ricted labor model . The decreases in the irri­
gated acreages of corn and of al fal fa plus the increase in total irri­
gated acreage amounted to 259 acres . All 259 acres were planted to 
irrigated wheat and the entire harvest was sold as cash grain . 
The rest ricted labor models ' dryland �rop mix was also signifi-
cantly different from that o f  the unrestricted labor model . The 
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unrestricted labor model planted a total of  3 96 acres of  dryland crops . 
Two hundred and fifty acres were barley planted on Class I land , 1 36 
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acres were alfalfa planted on Class II (marginal ) land , and ten acres 
were alfalfa planted on Class I land . The restricted labor model utilized 
367 acres of dryland crops of which 1 1 7  acres were alfalfa  planted on 
Class II land . No alfalfa was planted on Class I land . This amounted 
to a 29 acre decrease in dryland alfalfa acreage from that of  the 
unrestrict d labor model . These 2 9  acres were trans ferred to either 
irrigated corn ,  alfalfa,  or wheat .  Under the restricted labor model 
only 242 acres of barley were planted on Class I land as compared to 
the 250 acres of  Class I barley planted under the unrestricted labor 
model . The eight acres dif ference was planted to Class II d ryland 
barley . 
Although the exact revisions to the land use plans can be  
established fairly accurately from Table XXXV , page 130 , the exact 
factors which brought them about require further analysis . When this 
same reduction in the amount of labor available to the model was imposed 
on the tow line and center pivo t  models a definite increase in cash crop 
enterprises at the expense of  l ivestock feeding enterprises was observed . 
The same increase was observed here . Whereas the entire corn harves t  
was fed t o  lives tock under the wheel move model having unlimited available 
labor , 54 percent of  the corn harvest of  the restricted hired labor model
 
wa 1 grown Under the unrestricted labor model , s so d .  Although no wheat was 
the res tricted hired labor model produced and �old 14 , 882 b
ushels . The 
barley harves t  of the unrestricted model was fed to live
stock whereas 
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the restricted hired labor model ' s  barley harvest was sold .  Both models ' 
alfalfa production was fed . 
When labor supplies were restricted for the tow l ine and the 
center pivot models , the level of irrigation decreased from the unrestricted 
labor level . With the wheel move model the decrease in labor availability 
from unres tricted labor to restricted hired labor brought about an 
increase in the number of  ac res irrigated . This increase in the number 
of irrigated acres which accompanied the reduction of available labor 
appeared to be caused by primarily two factors . The first was that the 
cos t of  capital to the firm influenced the modification of the enterp rise 
mix even though the amount of capital available to the model was unlimited . 
The second was the complex interaction of  the part icular capital and 
labor restriction combinat ion imposed on the model with the wheel move 
irrigation sys tem ' s particular mix of labor and capital intensity . The 
importance of  the manner in which capital and labor restric tions were 
combined was indicated in the revisions five such combinat ions produced 
in the irrigation and livestock enterprise mixes o f  the wheel move model . 
These revisions were as follows . 
First . with unres tricted capital but restricted hired labor 
available to it the wheel move irrigation planning model supported 953  
livestock units . Ninety-eight percent o f  these were purchased and two 
percent were obtained from the beef cow and calf enterprise . Of these 
953 units ,  92 percent required pasture at some time during their term 
This on the farm and only eight percent were completely drylot fed . 
livestock enterprise mix was accompanied by an irrigation enterpr
ise 
o f 7 33 acres o f  irrigated cropland . 
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Second , when the above combination of  restrictions was reversed 
to one of unrestricted labor combined with rest ricted capital a signifi­
cant revision occurred in the enterprise mixes . The capital restriction 
in this case was an amount of annual capital which approximated a 25 
percent increase over the amount o f  annual capital required by the 
restric ted hired labor model . Under the new restrict ion combination the 
number of  livestock units supported by the wheel move model increased to 
1 ,483 , all of which were purchased. The percentage o f  total livestock 
units supported which required pasture decreased to 86 percent . This 
livestock enterprise mix was accompanied by an irrigation enterprise of  
683 acres of irri gated cropland . 
r 
Third , when the unrestricted labor and restricted capital com-
binations was continued but the amount o f  annual 'capital available was 
increased to approximately 40 percent over that required under the first 
restriction combination the enterprise mixes continued to change . Tile 
total number of l ivestock units supported by the model continued to 
increase and was now 1 , 69 7 units . Again the total number o f  these live­
stock units was purchased . The percentage o f  these units requiring some 
form of pas ture continued to decrease and was now 7 5  percent . The 
irrigation enterprise accompanying this livestock enterprise mix continued 
to decrease and was now at the level of 67 3 irrigated acres o f  cropland . 
Fourth , when both the labor and the capital restrictions on 
the wheel move irrigation model were removed a significant deviation 
developed from the manner in which the above enterprise mixes 
had been 
changing . The total number o f  livestock units supported b
y the model 
I I 
continued to increase and all were purchased . _ The percentage of the 
livestock units supported by the model that required pasture continued 
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to decrease .  The s ignificant deviation appeared in the irrigation 
enterprise which accompanied the livestock enterprise mix . The irrigation 
enterprise increased , rather than decreased , to a level of 7 04 irrigated 
acre s .  It should be emphasized that this particular l ivestock and 
irriga tion enterprise mix provided the wheel move irrigation model with 
greater net returns than any other enterprise mix . 
Fifth , a final verification of  the direct ion o f  change in 
nterprise mixes occurring under different restriction combinations was 
made .  While optimum net returns to the wheel move irrigation model were 
forthcoming at an irrigation level o f  704 irrigated acres � this system 
could have actually irrigated a total of 924 acres out of  the maximum 
960 acre limi t placed on irrigation in the model . Labor and capital was 
thus allowed to remain unrestricted but the model was forced to irrigate 
924 acres . Under this combination o f  rest rictions the total nlUUber o f  
livestock units supported by the model continued to  increase and all 
units were purchased . The percentage o f  these units requiring pasture 
continued to decrease ; however , net returns decreased . 
A definite insight into the manner in which the enterprise mixes 
of the wheel move model were affected by the part icular combinations o f  
capital and labor restrict ions applied to i t  can b e  drawn from the 
· results of the five preceeding rest riction combinations . One insight 
was that  when labor was restricted maximum net · returns to the model 
were obtained by emphasiz ing relatively non-labor intensive cash crop 
ce t e labor restriction and pasture based livestock enterprises . On h 
was reached the unrest ricted capital was used to develop and improve 
the enterprise mix established by the labor restriction .  Capital was 
used to the point at which the cost o f  capital , in the form o f  an 
interest  charge � began to decrease net returns to the model . This  
development and improvement generally took the form of irrigation o f  
cash crops and feed crops . Thus , two interacting restrictions appear 
to be significant . First was the restriction on the amount o f  labor 
available for use n each labor period . Second was the cost  of capital 
to the firm . 
A second insight was that when capital was restricted , maximum 
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net returns to the wheel move model were obtained by emphasizing capital 
intensive , but comparat ively high marginal returns producing , cattle 
feeding operations in general and drylot feeding enterprises in partic-
ular . Because of the marginal returns producing capabilit ies o f  these 
enterprises their contributions to the net returns to the model were 
significant . So significant was this contribution that capital was 
diverted from the purchase and feeding of  l ivestock into the purchase 
and operation of irrigation systems only to the extent necessary to 
minimiz e the crop acreage necessary to provide feed support for the 
livestock enterprises . This appeared to indicate a relatively low per 
unit marginal return for irrigated cash cropland which prevented the 
irriga tion of more acres than necessary to support the feed requirements 
f th 1 i This led to a ge' neral decrease in irri-o e ivestock enterpr ses . 
gation levels as capital became more plentiful up to  a point . At some 
\ 
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point near the unlimited capital availability 1 1 th b f eve e num er o irrigated 
acres used by the model began to increase . 
The application o f  these insights to the analysis o f  this 
chapter brought to l ight another influential factor . This  factor was 
the wheel move irrigation system ' s  particular comb ination of labor and 
capital intensity . The wheel move irrigation system was more capital 
intensive but less labor intensive than was the tow line irrigation 
system and more labor intensive but less capital intens ive than the 
center pivot system.  It should be emphas ized here that there were two 
distinctly different combinations o f  restrictions applied to the wheel 
move model . One combination comb ined restricted labor with unrestricted 
capital and the other combined unrestricted labor with rest ricted 
capital . It should also be emphasized that net returns to the 
completely unrest ricted model were greater than those of any restricted 
model . 
In line with the insights established above , the restricted 
hired labor wheel move model produced a predominantly cash crop and 
pasture based l ivestock enterprise mix. Also in l ine with the ins ights  
established above the unrestricted wheel move model produced a pre-' 
dominantly drylot cat tle feeding enterprise mix . The decrease in the 
dominance of the livestock enterprises in favor o f  cash crop enter­
prises when the labor supply was restricted was substantial . The total 
number of livestock units supported by the restricted labor �odel was 
50 percent less than that supported by the unrestricted labor model . 
The number of livestock units which required pasture under the restricted 
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labor model was 2 5  percent greater than that under unrestricted labor 
model . Whereas ,  all of the livestock units in the unrestricted labor 
model were purchased , two percent of the livestock units  in the 
restric ted labor model were obtained from the beef cow and calf enter­
prise . This percentage increased substantially when the amount of  labor 
made available to  the model was restricted even further.  This substantial 
decrease in the size of the predominantly drylot  cattle feeding livestock 
enterprise mix was replaced under the restricted labor model by an 
qually substantial increase in the size of  the cash crop  and pasture 
based lives tock enterprise mix . This , in turn , made the entire enter­
prise mix for the restricted hired labor model significantly less capital 
intensive than that of the unrestricted labor model . 
It was primarily this relatively low c apital intensity o f  the 
overall enterprise mix under the rest ricted hired labor model combined 
with the wheel move irrigation system' s particular mix of labor and 
capital intensity which enabled the restricted labor model to ut ilize 
more irrigat ion than the unrestricted model . Being non-labor intensive 
the wheel move model had a greater capability to ut ilize available labor 
than would have the labor intensive tow l ine model . Being non-capital 
intensive the wheel move model could also make greater use o f  available 
capital in developing its already non-capital intens ive enterprise m�x 
than could have the capital intensive center pivot model . These factors 
provided the wheel move irrigation model with the ability to utilize a 
greater level of  irrigation under restricted fabor conditions tha
n under 
unrestricted labor conditions . 
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The restric ted hired labor wheel move model produced lower net 
returns than did the unrest ricted labor model even though it  irrigated 
more acres . This was due to the differences in the marginal returns 
producing capabilities of the enterprises the irrigation supported .  
The restricted hired labor model applied irrigat ion in support o f  
relat ively low marginal returns producing cash crop and past ure based 
livestock enterprises . The unrestricted model applied irrigation 
predominantly in support o f  relatively high marginal returns producing 
drylot cat t le feeding enterprises . Thus , the unrest ricted labor model 
was able to return greater net returns from a lower level of irrigation . 
The possible circums tances that prevepted a s imilar increase in 
the level o f  irrigation in the tow line and center pivot models under 
the same labor rest riction change should be explained briefly . Since i t  
ia the mos t labo r intensive o f  the irrigat ion sys tems considered here the 
tow line model was the mos t severely affected by the existing labor 
restric t ion . The existing hired labor rest rict ion so restricted the 
tow line model that there was insufficient labor to u til ize any great 
amount of capit al , in the form o f  inc reased irrigation , to develop its 
enterprise mix . Therefo re each decrease in the amount o f  labor available 
to the model produced a decrease in the level of irrigation . 
Each increase in labor restrictiveness also  produced a decrease in 
the level of irrigation used by the center pivot irrigation model . This 
was due to the fact that the center pivot irrigat ion system was the most 
capital intens ive o f  the systems considered . The cost of capital to the
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model , in the form of an interest charge , interacted with the labor 
restriction to produce the decreased irrigation levels .  The cost  o f  
capi tal was probably the most significant of  the two restricting factors 
because the center pivot system was also the least labor intensive of 
the systems examined in this study . As indicated in Chapter 6 ,  when 
labor was restricted , the center pivot model also emphasized cash crop 
and pas ture based livestock enterprises . Development of these enter-
prises also took the form of applying irrigation to the cash crop 
enterprises and to feed crops in support of  the livestocks ' feed 
requirement .  These enterprises , as compared to drylot cattle feeding 
enterprises , were relatively low marginal returns producers . Although 
cash crop and pasture b ased livestock enterprises were also less capital 
intensive than were the drylot cattle feeding enterprises the difference 
was no t su fficient to of fset the decrease in marginal returns production 
capabilities . Thus , when used in support of  a cash crop and pasture 
based livestock enterprise mix , the capital intens ive center pivot 
irriga tion sys tem coul d be used only at relatively low levels . The cost 
to the firm of using the capital intens ive center pivot system in support 
of low marginal returns producing enterprises quickly became a s ignificant 
factor halt ing the maximization of net returns to the model . 
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Appendix E ,  Table I .  Average Dates for Selec ted Cropping Operations 
Item Date 
Start field work 
S tart s eeding spring wheat 
Finish seeding wheat and oats and barley 
Plow for corn 
Plant corn 
Small grain spraying 
First crop alfal fa hay 
Row crop spraying 
First row crop cult ivat ion 
Second crop alfalfa  hay 
Swath small grain 
Third crop of alfalfa ( irrigation) 
S tart cutting corn silage 
Pick corn 
Start fall field work 
April 1 
April 10 
April 25 
April 25 
May to June 
June 5 
June 10  
June 15 
July 5 
July 15 
July 20 
August 15 
September 10 
October 5 
September 15 
continued in 
1 
and 
October 
Source :  Myron w .  Wolff , "An Economic Analysis of Selected Irrigation 
Sys tems Applicable to The Eastern Missouri Slope Area of South 
Dakota" (unpublished Master ' s  thesis , South Dakota  State 
University , 19 70) , p. 14 7 .  
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Appendix E ,  Tabl II . Es timate of Non-Allocated Overhead Cos ts1 
Item 
Pickup truck 
Fuel s torage 
Wagons 
Miscellaneous tools and equipment 
Total overhead -- equipment 
Miscellaneous overhead not charged to livestock 
Telephone and elect ricity 
Tax service  and farm records 
Farm l iab ility insurance 
Total miscellaneous overhead 
Total non-allocated overhead costs 
$100 
100 
200 
Cost 
(Dollars ) 
$1 , 1 75 
50 
200 
150 
$1 , 575  
400 
$1 , 975 
1These are non-allocated costs not included directly in the 
livestock budgets . S ee Appendix F ,  Tab les I through XII I . 
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Appendix E,  Table I II . Assumed Per Acre Annual Overhead Cos ts 
I tem 
Int erest on land* 
Dryland cropland 
Pas ture 
Irrigable cropland 
Land tax and insurance 
Dry land 
Irrigable 
Depreciation and maintenance of fences 
Cost  
(Dollars) 
$10. 50 
2 . 80 
12 . 95 
2 . 25 
2 . 78 
. so 
*Assumed land value was $150 per acre for d ryland , $4 0 per acre for 
pas ture , and $ 185 per acre for irrigable land . An interest rate of  
seven percent was as sumed in this study . 
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Appendix E ,  Table IV . (continued) 
Item 
Prices Received 
Livestock : 
Good to choice , steer calf , 
sold October 15 
Good to choice , heifer cal f , 
sold October 15 
Cull heifer ,  October 15 
Cull cow , October 15 
650 lb . good to choice , yearling 
steer , sold April 15 
800 lb . good to choice , yearling 
steer , sold October 15 
1 , 02 5  lb . to 1 , 1 00 lb . good to 
choice , slaughter steer , sold 
October 15 , April 15 
Unit 
Cwt . 
Cwt . 
Cwt . 
Cwt .  
Cwt . 
Cwt . 
Cwt . 
Price 
(Dollars ) 
$3 8 .  00 
34 . 00 
30 . 00 
19 . 00 
3 3 . 00 
31 . 00 
30 . 00 
2 59 
Source : The assumed prices paid and received in this study were 
es tablished in consultation with Market ing and Farm Management 
special ists from the Economics Department , South Dakota State 
University , July , 1971 . 
I 
I ' 
Appendix E ,  Table V .  Labor Requirements for Crop and Livestock Activities b y  Period 
Man Hours Per Acre 
Labor Periods 
Activity Descript ion Unit 01 02 03 #4 05 #6 117 ha f)9 
CroE_ Activities 
Corn 
Dry land Acre -- --- 0 . 14 0 . 7 7  --- 0 . 12 0 . 12 -- --
Tow Line Acre --- --- 0 . 14 0 . 9 2  0 . 15 0 . 42  0 . 42 --- ---
Center Pivot Acre -- -- 0 . 14 0 . 79 0 . 04 0 . 20 0 . 16 0 . 06 --
Wheel Move Acre --- -- 0 . 14 o .  7 7  0 . 15 0 . 21 0 . 27 -- ---
Corn Silage 
Dry land Acre -- -- 0 . 13  0 . 74 -- 0 . 11 0 . 10 --- --
Tow Line Acre -- -- 0 . 13 0 . 89 0 . 15- 0 . 41  0 . 40  --- ---
Center Pivot Acre --- -- 0. 13 0 . 76 0 . 04 0 . 19 0 . 14 0 . 06 --
Wheel Move Acre --- --- 0 . 1 3 0 . 74 0 . 01 0 . 19 0 . 25 0 . 15 ---
Small Grain 
Dry land Acre -- --- 0 . 44 0 . 11 --- --- 0 . 30 0 . 57  I 
Tow Line Acre --- --- 0 . 44 --- 0 . 41 0 . 30 0 . 30 0 . 35 0 . 73 
Center Pivot Acre -- - 0 . 44 0 . 08 0 . 19 o . oa --- 0 . 35 0 . 73 
Wheel Move Acre --- --- 0 . 44 --- 0 . 26 0 . 15 0 . 15 0 . 35 0 . 73 
Soybeans 
Tow Line Ac·a:-e --- --- --- o .  72 --- 0 . 44 0 . 35 0 . 30 ---
Center Pivot Acre --- -- --- 0 . 72 o . os 0 . 18 0 . 09 0 . 08 ---
Wheel Move Acre --- --- --- 0 . 72 --- 0 . 29 0 . 20 0 . 15 ---
/ho 
1 . 18 
1 . 93 
1 . 93 
1 . 93 
2 . 03 
3 . 42 
3 . 42  
3 . 42 
0 . 30 
0 . 30 
0 . 30 
0 . 30 
1 . 28 
1 . 2 8  
1 . 28 
Total 
2 . 33 
3 . 98 
3 . 33 
3 . 53 
3 . 11 
5 . 40 
4 . 75 
4 . 95 
1 .  72 
2 . 83 
2 . 18 
2 . 38 
3 . 09 
2 . 44 
2 . 64 
N °' 
0 
Appeadix E ,  Table V .  (cont inued) 
Man Hours Per Acre 
Labor Periods 
Act ivity Description Unit bl bi 83 114 lls U6 b1 08 09 #10 Tot al 
Al fal fa 
Dry l and Acre -- - - 0 . 05 -- 1 . 36 -- 1 . 36  -- 1 . 36 --- 4 . 10 
Tow Line Acre -- -- o . os 0 . 30 1 . 44 0 . 3 0 1 . 44 0 . 3 0 1 . 44 - 5 . 2 7  
Center P ivo t  Acre -- --- o . os 0 . 09 1 . 44 0 . 09 1 . 44 0 . 09 1 . 44 --- 4 . 62 
Wheel Move Acre --- --- 0 . 05 0 . 15 1 . 44 0 . 15 1 . 44 0 . 15 1 . 44 --- 4 . 92 
Improved Pasture 
Dry l and Acre --- 0 . 25 -- --- --- - --- --- --- -- 0 . 2 5  
Tow Line Acre -- 0 . 25 --- 0 . 10 0 . 25 0 . 25 0 . 20 0 . 2 0 0 . 1 5  --- 1 . 40  
Center Pivot Acre --- 0 . 25 --- o . os 0 . 05 0 . 05 0 . 05 o . os 0 . 05 --- 0 . 5 5  
Wheel Move Acre -- 0 . 25 -- 0 . 09 0 . 09 0 . 09 0 . 09 0 . 09 0 . 10 --- 0 . 85 
Lives tock Ac tivities 
621 Cow�calf Head 2 . 31 1 . 7 7 0 . 90 0 . 31 0 . 15 0 . 15 0 . 15 0 . 11 0 . 22 0 . 95 1 . 02 
I 
623 & 624 Drylo t calves , 
no s ila ge and s ilage Head 1 . 08 1 . 00 0 . 57  0 . 87 0 . 42 0 . 42  o . 42 0 . 26 0 . 51  0 . 84 6 . 39 
625 & 626 Pas ture calves , 
no s ila ge and s ilage Head 0 . 9 7  0 . 94 0 . 46 0 . 69 0 . 28 0 . 28 0 . 28 0 . 21 0 . 41 0 . 66 5 . 18 
628 & 629 Yearling 
feeders Head o . 64 0 . 55 --- --- -- -- --- --- -- 0 . 40 1 . 59 
631 & 632 Drylot year-
lings , Period 1 ,  no 
silage and silage Head 1 . 51 1 . 16 0 . 38 --- --- -- -- --- -- 0 . 49 3 . 54 N C\ 
...-
Appendix E ,  Table V.  (continued) 
Ac tivity Descrip�ion Unit ill 12 113 114 115 tf 6 117 118 19 010 Total 
622 Raise feeders , 
pas ture Head 0 . 64 0 . 55 0 . 22  0 . 38 0 . 20 0 . 15 0 . 10 0 . 13 0 . 20 0 . 35 
641 & 642 , Drylot year-
lings , Period 2 ,  no 
s ilage and s ilage Head -- 0 . 12 0 . 19 0 . 61 0 . 34 0 . 34 0 . 34 0 . 30 0 . 71 0 . 60 
661 & 662 , Drylot year-
lings , Period 1 and 
Period 2 ,  no s ilage 
and silage Read 1 . 51  1 . 1 3  0 . 5 7  0 . 61 0 . 30 0 . 30 0 . 3 0  0 . 31 0 . 59 1 . 45  
S ource : Myron w .  Wol f f , "An Economic Analysis o f  S el ected Irrigat ion Systems Applicable t o  The 
Eastern Missouri S lope Area o f  South Dako ta" (unpublished Master ' s thes is , South Dakota 
S tate University , 1970) , pp . 152-154 . 
2 . 92 
3 . 54 
7 . 07 
N 
°' N 
Appendix E ,  Table VI . 
Machine 
Trac tor 
Field cultivator 
Disk 
Plow 
Harrow 
Cultivator--row crops 
Chisel plow 
Corn picker 
Corn chopper 
Combine 
Sprayer 
Truck 
Pickup 
Corn planter 
PTO baler 
Mower 
Press  drill 
Self-propelled swather 
Expec t ed S ervice Lif f 
1 , 600 Acre Farm 
e or Various Machines on 
Years 
10 
16  
16 
16 
2 0  
1 6  
14 
10 
10 
10 
8 
10 
4 
10 
18 
18 
8 
Source : Myron w .  Wol f f , "An Economic Analys is of  
Select ed Irri gat ion 
Sys tems Appl icab: a to The East ern 
Mis �ouri Slope Area of So
uth 
Dako ta" (unpub l ished Maste
r ' s  thes is , South Dako t
a  S t at e  
Univers ity , 19 7 0) , p . 155 . 
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Appendix E ,  Table VI I .  Hours o f  Labor Available Per Month for the Operator and Family 
Operator Hours No . o f  Total Family Hours Tot al Tot al Minus Hours 
Worked Days Operator Ho urs Worked Family Hours Overhead Available 
Month Per Day Worked Pe r Per Pe r Hours Pe r Hours fo r 
Month Month Day Month Enterprises 
January 8 24 192 2 . 5 60 252  54  198 
Feb ruary 10 24 240 2 . 5  60 3 00 54 246 
March 10 24 240 2 . 5  60 3 00 63  237  
April 1 3  2 6  3 38 3 . 0  7 8  4 1 6  6 3  353 
May 1 3  2 6  3 3 8  3 . 0  7 8  4 1 6  7 2 344 
June 13 25 32 5 8 . 0  200 5 2 5  9 0  4 3 5  
July 13 25 3 25 a . a  2 00 525  90  4 35 
August 13 25 32 5 s . o  2 00 525 90 4 35 
September 1 3  25  32 5 2 . 5  60 385 90 2 9 5  
Oc tober 8 24 1 9 2  2 . s  60 252 90 162 
November 8 24 1 92 2 . 0  48 240 7 2  168 
December � 24 192 2 . 0  48 240 72 168 
-
Total 3 , 224 1 , 152 4 , 37 6  900 3 , 4 76 
I 
Source : Myron W . Wolf f ,  "An Economic Analysis o f  Selected Irrigation Systems Appl icable to The 
Eastern Missouri Slope Area of South Dakota" (unpublished Master ' s thesis , South Dakot a 
State University , 197 0) , p .  1 56 .  
N 
°' � 
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Appendix F ,  Table I .  Beef Cow Unit , Feeder Calf Sold--Oc tober ' Replacements--First Calf  as Two-Year-Old 92 t Percent Calf Crop , 16 Percent Replacement Rate , 
One Bull Per 25 Cows 
ACTIVITY 621 
I .  Receipts : 
Good to choice steer calf  ( 4 . 25 cwt . x 38 . 00 x • 4 6) 
Reif er calf ( 3 . 75 cwt . x 34 . 00 x . 2 6) 
Cull cow ( 1 0 . 00 cwt . x 19 . 00 x . 15)  
Cull heifer ( 6 . 00 cwt . x 3 0 . 00 x . 04)  
Gross sales 
II . Operating Expenses : 
Corn (2 bushels @ $ 1 . 10) 
Oats (4 bushels @ 0 . 60) 
Al falfa hay ( 2 . 1  tons @ 18 . 00) 
Pasture ( 8 . 1  A.U .M.  @ 4 . 50)  
Mineral and salt ( 6 0 . 0  pounds @ 0 . 03 )  
Breeding charge 
Veterinary and drugs 
Repairs : 
Buildings ( 3 . 5% of $1 0. 00)  
Equipment (4 . 0% o f  6 . 00)  
Taxes and insurance :  
Livestock ( 2% of $294 . 00) 
Buildings ( 2% of 20. 00) 
Equipment ( 2% of  12 . 00 ) 
Transportation and marketing costs 
General overhead 
Depreciation : 
Buildings ( 3% o f  $20 . 00) 
Equipment (10% o f  12 . 00) 
Total direct costs 
II I . Income Over Direct Costs ( I  minus II) 
IV .  Average Operating Capital Requirements : 
Average cow value 
1 / 2 5  bull @ $8 00 . 00 
Replacement charge per cow (l6% of  $300 . 00) 
( 0 . 2  x 7 8 . 85)  Grain and forage 
(0 . 5  x 26 . 7 1) Other direct costs 
Total 
V .  Fixed Capital : 
Buildings 
Equipment 
Total 
(1 /2  new cost ) 
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$ 74 . 2 9 
3 3 . 15  
28 . 50 
7 . 2 0  
$143 . 14 
$ 2 . 20 
2 . 4 0 
3 7 . 8 0  
36 . 45 $ 7 8 . 85 
1 . 8 0 
6 . 00 
3 . 00 
0 . 35 
0 . 24 
5 . 88 
0 . 4 0  
0 . 24 
3 . 00 
4 . 00 
0 . 60 
1 . 2 0  26 . 71 
$105 . 5 6  
$ 3 7 . 5 8 
$294 . 00 
3 2 . 00 
48 . 00 
15 . 7 7 
13 . 36 
$4 03 . 13 
$ 10 . 00 
6 . 00 
$ 1 6 . 00 
Appendix F ,  Table II . W inter and Summer Graz e St eer Calves 12 ' 
Months--Oct ober to Oct o ber , Average Da ily Gain 
0 . 75  Pounds for S even Months and 1 . 5  Pounds 
for Five Months 
ACTIVITY 622 
I .  Receipts : 
Stocker or Feeder Steer 
Minus Death Lo s s  
Gross  sales 
( 8 . 00 cwt . @ $31 . 00 )  
( 2 . 5% o f  $248 . 00 }  
II . Operating Expenses : 
Steer calf (4 . 25 cwt . @ $3 8 . 00 )  
III .  
IV •  
v .  
Alfalfa hay ( 0 . 6 ton @ 18 . 00 )  
Pas ture (5 . 1  A . U .M. @ 4 . 50 )  
Supplement ( 2 . 0  cwt . @ 4 . 60)  
Mineral and salt ( 20 . 0  pounds @ 0 . 03 )  
Veterinary and drugs 
Repairs : 
Buildings ( 3 . 5% of $7 . 00 )  
Equipment ( 4 . 0% of 4 . 00 )  
Taxes and insurance : 
Livestock ( 2 . 0% of $1 61 . so r  
Buildings ( 2 . 0% of  14 . 00) 
Equipment ( 2 . 0% o f  8 . 00)  
Transportat ion and market ing costs 
General overhead 
Depreciation : 
Buildings ( 3 . 0% of $14 . 00 )  
Equipment ( 10 . 0% o f  8 . 00 )  
To tal direct costs 
Income Over D irect Cos ts 
Average Operating Cap it al 
Steer calf investment 
Grain and forage 
Other direct costs 
Total 
Fixed Cap i t al : 
Buildings 
Equipment 
Total 
( I minus II) 
Requirement s : 
( 1 .  0 x $161 . 50 )  
(0 . 5  x 3 3 . 7 5 )  
(0 . 6  x 24 . 40)  
(1 /2 new coe t )  
$24 8 . 00 
6 . 2 0 
$241 . 80 
$161 . 5 0  $16 1 . s o  
10 . 8 0 
22 . 95 3 3 . 75 
9 . 2 0 
0 . 6 0 
1 . 5 0  
o . 2 s 
0 . 16 
3 . 23 
0 . 2 8 
0 . 1 6 
5 . 30 
2 . 50 
o . 42 
0 . 8 0 24 . 4 0 
$ 21 9 . 65 
$ 22 . 15  
$161 . 50 
16 . 88 
14 . 64 
$19 3 . 02 
$ 1 . 00 
4 . 00 
$ 1 1 . 00 
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Appendix F ,  Table III . Feed C 1 T Mo a ves ,  en nths in Drylot ,  No S ilage 
ACTIVITY 623 
I .  Receipts : 
Slaughter steer (10 . 50 cwt . @ $30 . 00) $31 5 . 00 
Minus death loss  (2%  of $315 . 00) 6 . 30 
Gross sales $308 . 7 0  
II . Operating Expenses : 
Steer calf ( 4 . 25 cwt . @ $38 . 00 )  $1 61 . 5 0 $161 . 50 
Com equivalent ( 53 . 60 bushels @ 1 . 1 0 )  58 . 9 6 
Hay equivalent ( 0. 91 ton @ 18 . 00) 1 6 . 3 8 75 . 34 
Supplement ( 2 . 50 cwt . @ 4 . 60 )  11 . 50 
Mineral and salt ( 30 . 00 pounds @ 0 . 03 )  0 . 90 
Veterinary and drugs 2 . 00 
Repairs : 
Buildings (3 . 5% of $30 . 00) 1 . 05 
Equipment (4 . 0% of 2 0 . 00) o . ao 
Taxes and insurance :  
Lives tock ( 2 . 0% of  $161 . 5 0)  3 . 23 
Buildings ( 2 . 0% of  60 . 00 )  1 . 20 
Equipment ( 2 . 0% of 4 0 . 00 )  0 . 80 
Transportation and marketing costs 6 . 00  
General overhead 4 . 00 
Depreciation : 
Buildings ( 3 . 0% of $60 . 00) 1 . 80 
Equipment ( 1 0 .  0% of  40 . 00)  4 . 00 3 7 . 28 
Total direct cost  $274 . 12 
III . Income Over Direct Costs (I minus II) $ 34 . 58 
IV • Average Operat ing Capital Requirements :  
Steer calf investment ( 0 . 8 x $1 61 . 50)  $12 9 . 2 0  
Grain and forage (0 . 3  x 75 . 34)  2 2 . 6 0 
Other direct costs ( 0 . 5  x 3 7 . 28 )  1 8 . 64 $170 . 44  Total 
v .  Fixed Capital : ( 1 /2 new cost ) $ 30 . 00 Buildings 2 0 . 00 Equipment $ 5 0 .  00 Total 
2 68 
Appendix F ,  Table IV. Feed Calves , Ten Months in Drylot , S ilage 
ACTIVITY 624 
I .  Receipts : 
II . 
Slaughter  steer 
Minus death loss 
Gross sales 
Operat ing Expenses : 
Steer calf 
Corn e quivalent 
Corn silage 
Hay equivalent 
Supplement 
Mineral and salt 
Veterinary and drugs 
Repairs : 
Buildings 
Equipment 
(10 . 50 cwt . @ $30 . 00) 
(2% of $315 . 00) 
( 4 . 25 cwt . 
(45 . 00 bushels 
( 3 . 00 tons 
( 0 . 61 ton 
( 3 . 50 cwt . 
( 30 . 00 pounds 
@ $38 . 00 )  
@ 1 . 10 ) 
@ 7 . 00 )  
@ 18 . 00 )  
@ 4 .  60) 
@ 0 . 03 )  
( 3 . 5% of $30 .  00) 
(4 . 0% of 20 . 00) 
Taxes and insurance : 
Livestock ( 2 . 0% of  $161 . 50 )  
Buildings ( 2 . 0% of 60 . 00)  
Equipment { 2 . 0% of  40 . 00 )"' 
Transpo rtation and marketing costs 
General overhead 
Depreciation : 
Bui ldings 
Equipment 
To tal direct cost 
( 3 . 0% of $60 . 00 )  
(10 . 0% of  40 . 00 ) 
III . Income Over Direct Costs ( I  minus II) 
IV . Average Operating Capital Requirement s :  
Steer calf investment ( 0 . 8  x $161 . 50) 
Grain and forage ( 0 . 3 x 81 . 48)  
Other direct costs ( 0 . 5 x 41 . 88 )  
Total 
V .  Fixed Capital : 
Buildings 
Equipment 
Total 
(1 /2 new cost ) 
$3 15 . 00 
6 . 3 0  
$308 . 70  
$161 . 50 $1 61 . 5 0 
49 . 50 
21 . 00 
1 0 .  98 81 . L�B 
16 . 1 0 
0 . 9 0 
2 . 00 
1 . 05 
a . so 
3 . 23 
1 . 20 
a . so 
6 . 00 
4 . 00  
1 . 80 
4 . 00 41 . 8 8 
$284 . 8 6  
$ 23 . 84 
$129 . 20 
24 . 4 4  
2 0 . 94 
$1 74 . 58 
$ 30 . 00 
20 . 00 
$ 50. 00 
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Appendix F ,  Table v. Feed C 1 Fi a ves , ve Months in Drylot , Five Months on 
Pasture , No Silage 
ACTIVITY 625 
I .  Receipts :  
II . 
II I .  
IV . 
v .  
Slaughter steer 
Minus death loss 
Gross sales 
( 10 . 50 cwt . @ $30 . 00) 
(2% of $315 . UO)  
Operat ing Expenses : 
Steer cal f ( 4 . 25 cwt . @ $38 . 00) 
Corn equivalent (54 . 00 bushels @ 
Hay equivalent ( 0 . 80 ton @ 
Pasture ( 2 . 76 A . U . M. @ 
Supplement ( 1 .  00 cwt . @ 
Mineral and salt (30 . 00 po unds @ 
Veterinary and drugs 
Repairs : 
Buildings (3 . 5% of $30 .  00) 
Equipment (4 . 0% of  20 . 00 )  
Taxes and insurance : 
Livestock (2 . 0% of  $161 . 5 0) 
Buildings (2 . 0% of  60 . 00}  
Equipment ( 2 . 0% of  40 .00 )  
Transportation and marketing costs 
General overhead 
Depreciat ion : 
Buildings ( 3 . 0% of $60 . 00)  
Equipment (10 . 0% of 40 . 00 )  
Total direct cost 
Income Over Direct Costs ( I  minus II) 
Average Operating Capital Requirements : 
Steer cal f investment (0 . 8 x $161 . 50) 
Grain and forage (0 . 3 x 86 . 22) 
Other direct costs (0 . 5 x 30 . 38 )  
Total 
Fixed Capital : (1 /2 new cost) 
Buildings 
Equipment 
Total 
1 . 10 )  
18 . 00) 
4 . 50)  
4 . 60 )  
0 . 03 )  
$315 . 00 
6 . 30 
$308 . 70  
$161 . 50 
59 . 40  
14 . 40 
12 .. 42 
4 . 60 
0 . 90 
2 . 00 
1 . 05 
0 . 80 
3 . 23 
1 . 20 
a . so 
6 . 00 
4 . 00 
1 . 80 
4 . 00 
$278 . 10 
$ 30 . 60 
$129 . 20 
25 . 8 7 
1 5 . 19 
$170 . 2 6  
$ 30 . 00 
20 . 00 
$ 5 0 . 00 
$161 . 50 
86 . 22  
30 . 38  
2 70  
Appendix F ,  Table VI . Feed Calves , Five Months in Drylot ,  Five Months 
on Pasture , Silage 
ACTIVITY 62 6 
I .  Receipt s :  
I I .  
III .  
IV . 
v. 
Slaughter steer 
Minus death loss 
Gross sales 
( 10 . 50 cwt . @ $3 0 . 00 )  
( 2% of  $315 . 00) 
Operat ing Expenses : 
Steer cal f ( 4 . 25 cwt . @ $38 . 00) 
Corn equivalent ( 49 . 50 bushels @ 
Corn silage ( 1 . 10 ton @ 
Hay equivalent ( 0 . 59 ton @ 
Pas ture ( 3 . 15 A. U .M.  @ 
Supplement ( 1 . 5 0 cwt . @ 
Mineral and salt (30 . 00 pounds @ 
Veterinary and drugs 
Repairs : 
Buildings ( 3 . 5% of $3 0 . 00 )  
Equipment ( 4 . 0% of  20. 00) 
Taxes and insurance : 
Livestock (2 . 0% of $161 . 50)  
Buildings ( 2 . 0% of  60 . 00)  
( 2 . 0% of 40 . 00 )  Equipment 
Transportation and ma rket ing cos ts  
General overhead 
Depreciation : 
$60 . 00 )  Buildin gs ( 3 . 0% of 
Equipment (1 0 . 0% of 4 0 .  00 ) 
To tal d irec t  cost 
Income Over Direct Co s t s  ( I  minus I I )  
Average Operating Capital Requirements : 
S teer cal f investment (0 . 8 x $161 . 50 )  
Grain and forage ( 0 . 3  x 86 . 8 4)  
Other direct cos ts ( 0 . 5  x 32 . 68 )  
Total 
Fixed Ca1-1 it al : ( 1 /2  new cos t ) 
Buildings 
Equipment 
Total 
1 . 10 )  
7 . 00 ) 
18 . 00) 
4 . 50)  
4 . 60) 
0 . 03 )  
$315 . 00 
6 . 30 
$308 . 70 
$16 1 . 50 $161 . 5 0 
54 . 34 
7 . 70 
1 0 . 6 2  
14 . 18 86 . 8 4 
6 . 90 
0 . 90 
2 . 00 
1 . 05 
o . so. 
3 . 23 
1 . 20 
a . s o 
6 . 00 
4 . 00 
1 . 80 
4 . 00 3 2 . 68 
$281 . 02 
$ 27 . 68 
$12 9 . 20 
2 6 . 05 
1 6 . 34 
$1 71 . 59 
$ 3 0 . 00 
20 . 00 
$ so . oo 
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Appendix F ,  Table VII . Raise Yearling Feeders , Six Months--Octob er to 
April , Average Daily Gain of 1 . 5  Pounds 
ACTIVITY 628 AND 629 
I. Receipts : 
II . 
Feeder yearling 
Minus death loss 
Gross sales 
Operating Expenses : 
S teer calf 
Corn 
Oats 
Alfalfa hay 
Pasture 
Mineral and salt 
Veterinary and drugs 
Repairs : 
Buildings 
Equipment 
( 6 . 5  cwt . @ $3 3 . 00 )  
( 1 . 5% of  $214 . 50 )  
( 4 . 25 cwt . 
( 8 . 00 bushels 
(14 . 00 bushels 
( 0 . 60 ton 
( 0 . 90 A . U .M .  
( 10 . 00 pounds 
(3 . 5% o f  $7 . OO )  
(4 , 0% of  4 .  00 ) 
@ $3 8 . 00 ) 
@ 1 . 1 0) 
@ 0 . 60) 
@ 18 . 00 )  
@ 4 . 5 0 )  
@ 0 . 03 )  
Taxes and insurance :  
Livestock (2 . 0% of $1 61 . 50) 
Buildings (2 . 0% of 14 . 00 )  
Equipment (2 . 0% of 8 . 00 )  
Transportation and marketing costs 
General overhead 
Depreciat ion : 
Buildings 
Equipment 
To tal direct cost 
( 3% of $14 . 00)  
( 10% of  8 . 00)  
III .  Income Over Direct Cos ts ( I  minus II)  
IV . 
v. 
Average Operat ing 
Calf investment 
Grain and forage 
Other d irect cos ts 
Total 
Fixed Capit al : 
Bui ldings 
Equipment 
Total 
Capital Requirements : 
( 0 . 5  x $161 . 5 0) 
( 0 . 3  x 3 2 . 05 )  
( 0 . 5 x 12 . 55 )  
( 1 /2 new cost )  
$214 . s o  
3 . 22 
$211 . 28 
$1 61 . 5 0  $161 . 50 
8 . 80 
8 . 40  
1 0 . 80 
4 . 05 32 . 05 
0 . 30 
1 . 00 
0 . 25 
0 . 1 6 
3 . 23 
0 . 28 
0 . 16 
4 . 75 
1 . 20 
0 . 42 
o . ao 12 . 55 
$206 . 10 
$ 5 . 18 
$ 8 0 .  75  
9 . 62 
6 . 2 8 
$ 9 6 . 65 
$ 1 . 00 
4 . 00 
$ 11 . 00 
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Appendix F ,  Table VIII . Feed Good to Choice Yearling S teer No S ilaoe D f  ' t"' ' e erred in Drylot , Gain 450 Pounds in Six Months on Farm , 180 Days at 2 . 5  Daily Gain to 1 , 100 S l aughter Weight , Per iod One--October to April 
ACTIVITY 631 
I. Receipts : 
II . 
III .  
IV .  
v. 
Slaughter steer 
Minus death loss 
Gross sales 
Operating Expenses : 
Good to choice steer 
Corn equivalent 
Hay equivalent 
Supplement 
Mineral and salt 
Veterinary and d rugs 
Repairs : 
Buildings 
Equipment 
Taxes and insurance : 
Lives tock 
Buildings 
(11 . 00 cwt . @ $30 . 00) 
( 1% of $330 . 00) 
( 6 . 50 cwt . @ $3 3 . 00) 
(48 . 00 bushels @ 1 . 1 0) 
( 1 .  30 ton @ 18 . 00 )  
( 1 . 00 cwt . @ 4 .  60) 
(20 . 00 . poWldS @ 0 . 03 ) 
(3 . 5% of $3 7 . 00 )  
(4 . 0% of 22 . 10) 
( 2 . 0% o f  $214 . 50) 
( 2 . 0% of  74 . 00) 
( 2 . 0% o f  44 . 20) Equipment 
Transportation and marketing costs 
General overhead 
Depreciation : 
Buildings 
Equipment 
Total direct  
Income over Direct 
Average Operat ing 
Steer investment 
Grain and fo rage 
Other direct costs 
Total 
Fixed Capital : 
Buildings 
Equipment 
Total 
cost 
Costs 
Capital 
( 3% of $74 . 00) 
(10% of 44 . 20) 
( I  minus II) 
Requirements : 
(0 . 5  x $214 . 50) 
(0 . 3 x 76 . 20) 
(0. 5 x 33. 42) 
(1/2 new cost) 
$330 . 00 
3 . 30 
$326 . 70  
$214 . 50 
52 . 80 
23 . 40 
4 . 60 
0 . 60 
2 . 00 
1 . 30 
0 . 88 
4 . 29 
1 . 48 
0 . 88 
7 . 25 
3 . 50 
2 . 22 
4 . 42 
$324 . 12 
$ 2 . 58 
$107 . 2 5 
22 . 86 
16 . 71 
$146 . 82 
$ 37 . 00 
22 . 10 
$ 59 . 10 
$214 . 50 
7 6 . 20 
33 . 42 
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Appendix F ,  Table IX.  Feed Good to Choice Yearling Steer on S ilage 
Deferred in Drylot , Gain 4 5 0  Pounds in S ix 
' 
Months on Farm ,  1 8 0  Days at 2 .  5 Daily Gain to 
1 ,100 Slaughter Weight , Period One-- Oc tober 
to April 
ACTIVITY 632 
I. Receipts :  
Slaughter steer ( 11 . 00 cwt . @ $3 0 . 00)  $330 . 00 
Minus death loss (1% of $330 . 00) 3 . 30 
Gross sales $32 6 .  7 0  
II . Operat ing Expenses : 
Good to choice steer ( 6 . 50 cwt . @ $33 . 00 )  $214 . 5 0 $214 . s o  
Corn ( 30 . 00 bushels @ 1 . 10 )  3 3 . 00 
Corn silage ( 2 . 20 ton @ 7 . 00 )  1 5 . 4 0 
Al falfa hay ( 0 . 2 0 ton @ 1 8 . 00 )  3 . 60 52 . 00 
Supplement ( 4 . 20 cwt . @ 4 . 60 )  1 9 . 32 
Mineral and salt (20 . 00 pounds @ 0 . 03) 0 . 50 
Veterinary and drugs 2 . 00 
Repairs : 
Buildings (3 . 5% o f  $3 7 . oo )  .. 1 . 30 
Equipment (4 . 0% of 22 . 10)  0 . 88 
Taxes and insurance : 
Livestock ( 2 . 0% of $21'+ . 50 )  4 . 2 9 
Buildings (2 . 0% of 74 . 00 ) 1 . 48 
Equipment (2 . 0% of 44 . 20)  0 . 88 
Transportat ion and market ing costs 7 . 25 
General overhead 3 . 50 
Depreciation : 
$74 . 00 ) 2 . 2 2 Buildings ( 3% o f  
Equipment ( 10% o f  44 . 20)  4 . 4 2  48 . 14 
Total direct cost $3 14 . 64 
III . Income Over Direct Cos ts ( I minus I I)  $ 1 2 . 06 
IV •  Average Operat ing Capit al Requirements : $107 . 25 S teer investment ( 0 . 5  x $214 . 50) 
Grain and forage ( 0 . 3 x 52 . 00 )  15 . 60 
Other direct cos ts ( 0 . 5 x 48 . 14 )  24 . 07 $14 6 . 92 Tut al 
v .  Fixed Capital ( 1 /2  new cost ) $ 3 7 . 00 
Buildings 2 2 . 10 
Equipment $ 59 . 10 
To tal 
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Appendix F ,  Table X .  Feed Good t Ch i y li o o ce ear ng Steer , No Silage , 
Deferred in Drylot , Gain 450 Pounds in S ix Months 
on Farm ,  180 Days at 2 . 5  Daily Gain to 1 , 100 
Slaughter Wei ght , Period Two--Apri l to October 
ACTIVITY 641 
I . Receipts : 
II.  
Slaughter steer 
Minus death loss  
Gross sales 
Operat ing Expenses : 
Good to choice steer 
Corn equivalent 
Hay equivalent 
Supplement 
Mineral and salt 
Veterinary and drugs 
Repairs : 
Buildings 
Equipment 
(11 . 00 cwt . @ $3 0 . 00 )  
{ 1 %  o f  $330. 00 ) 
( 6 . 50 cwt . 
( 48 . 00 bushels 
( 1 . 3 0 ton 
( 1 . 00 cwt . 
( 20 . 00 pounds 
@ $33 . 00) 
@ 1 . 10 )  
@ 18 . 00 )  
@ 4 . 60 )  
@ 0 . 03 )  
( 3 • 5 % 0 f $3 7 • 00) 
( 4 . 0% of 2 2 . 10)  
Taxes and insurance : 
Lives tock ( 0 . 5% of $214 . 50) 
Buildings ( 2 . 0% of 7 4 . 00) 
Equipment ( 2 . 0% of 44 . 20) 
Transportation and marketing costs 
General ove rhead 
Depreciation : 
Buildings 
Equipment 
Total direct cost  
( 3 %  o f  $74 . 00 )  
( 10% o f  44 . 2 0) 
III . Income Over Direc t Cost  (I  minus II) 
IV .  
v .  
Average Operat ing 
S teer inves tment 
Grain and fo rage 
Other direct costs  
Total 
F ixed Capital : 
Buildings 
Equipment 
To tal 
Capit al Requirements : 
( 0 . 5  x $21 4 . 50) 
( 0 . 3  x 76 . 20)  
( 0 . 5  JC 3 0 . 20)  
(1 /2 new cos t )  
$33 0 . 00 
3 . 3 0 
$32 6 .  7 0  
$2 14 . 50 $2 14 . 5 0 
52 . 80 
23 . 4 0  7 6 . 2 0 
4 . 60 
0 . 60 
2 . 00 
1 . 3 0 
0 . 88 
1 . 07 
1 . 48 
0 . 88 
7 . 25 
3 . 5 0 
2 . 2 0 
4 . 4 2  30 . 2 0 
$3 2 0 .  9 0  
$ s . so 
$107 . 2 5 
22 . 8 6 
15 . 1 0 
$14 5 . 21 
$ 3 7 . 00 
22 . 1 0  
$ 59 . 1 0  
2 75 
Appendix F ,  Table XI . Feed Good to Choice Yearl ing Steer on Silage , 
Deferred in Drylot , Gain 4 50 Pounds in S ix Months 
on Farm , 1 80 Days at 2 . 5  Daily Gain to 1 , 100 
Slaughter Weight , Period Two--April to October 
ACTIVITY 64 2 
I .  Receip ts : 
II . 
III .  
IV •  
v. 
Slaughter steer 
Minus death los s 
Gross  sales 
Operating Expenses : 
Good to choice steer 
Corn equivalent 
Corn silage 
Hay equivalent 
Supplement 
Mineral and sal t 
Veterinary and drugs 
Repairs : 
Buildings 
Equipment 
Taxes and insurance : 
(11 . 00 cwt . @ $30 . 00 )  
( 1 %  of $3 30.  00) 
( 6 . 50 cwt . 
(30 . 00 bushels 
( 2 . 20 ton 
( 0 . 20 ton 
( 4 . 20 cwt . 
( 20 . 00 . pounds 
@ $3 3 . 00) 
@ 1 . 10)  
@ 7 . 00 )  
@ 18 . 00 )  
@ 4 . 60 )  
@ 0 . 03 )  
(3 . 5% o f  $37 . 00) 
( 4 . 0% of 22 . 10) 
Lives tock ( 0 . 5% of  $214 . 50 )  
Buildings ( 2 . 0% of 7 4 . 00 )  
Equipment ( 2 . 0% of 44 . 2 0) 
Transportat ion and marketing costs 
General ove rhead 
Depreciation : 
Buildings 
Equipment 
To tal direct cost 
Income Over D irec t Cos ts 
Avera ge Operat ing Capital 
S teer investment 
Grain and forage 
Other direct costs  
Total 
Fixed Capital : 
Buildings 
Equipment 
To tal 
( 3 % 0 f $7 4 • 00) 
( 10% of 44 . 2 0) 
( I  minus II) 
Requirements :  
( O .  5 x $214 . 50)  
( 0. 3 x 52 . 00)  
( 0 . 5  x 44 . 92)  
(1 /2 new cost ) 
$3 30 . 00 
3 . 30 
$3 26 . 7 0  
$214 . 5 0  $214 . 5 0 
3 3 . 00 
1 5 . 40  
3 . 60 52 . 00 
19 . 32 
0 . 60 
2 . 00 
1 . 30 
0 . 88 
1 . 07 
1 . 48 
0 . 88 
7 . 25 
3 . 50 
2 . 2 2 
4 . 4 2  4 4 . 9 2 
$31 1 . 42 
$ 15 . 2 8  
$107 . 2 5 
15 . 60 
22 . 4 6 
$14 5 . 31 
$ 3 7 . 00 
22 . 10 
$ 59 . 10 
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Appendix F ,  Table  XII .  Feed Good to  Choice Yearl ing Steer , No Sila�, 
Deferred in Drylot , Gain 4 50 Po unds in S ix Months 
on Farm ,  180 Days at 2 . 5  Daily Gain to 1 , 100 
Slaughter Weight , Pe riods One and Two 
ACTIVITY 661 
I .  Receipt s :  
II . 
III . 
IV . 
v .  
Slaughter steer 
Minus death loss 
Gross sales 
Operating Expenses : 
Good to choice steer 
Corn equivalent 
Hay equivalent 
Supplement 
Mineral and sal t  
Veterinary and dru gs 
Repairs : 
Bui ldings 
Equipment 
Taxes and insurance : 
Livestock 
Buildings 
Equipment 
(22 . 00 cwt . @ $3 0 . 00 )  
(1% o f  $660 . 00 )  
( 13 . 00 cwt . @ $3 3 . 00) 
( 96 . 00 bushels @ 1 . 1 0) 
( 2 . 60 ton @ 18 . 00 )  
( 2 . 00 cwt . @ 4 . 60 )  
(40 . 00 pounds @ 0 . 03 )  
( 3 . 5% o f  $3 7 .  00 ) 
( 4 . 0% o f  22 . 10)  
( 1 . 25% of  $42 9 .  oc)) 
(2 . 00% o f  74 . 00) 
(2 . 00% of 44 . 2 0) 
Transportat ion and marketing costs 
General. overhead 
Depreciat io11 : 
$74 . 00 )  Buildings ( 3% of 
Equipment ( 10% of  44 . 20)  
Total d irect cost 
Income OVer Direct Costs ( I  minus II) 
Average Operating Capital Requirements : 
Steer investment ( 0 . 50 x $429 . 00) 
Grain and forage (0 . 30 x 152  . 40) 
Other direct costs  ( 0 . 40 x 49 . 94 )  
To tal 
Fixed Capit al : ( 1 / 2  new co'3t ) 
Buildings 
Equipment 
Total 
$660 . 00 
6 . 60 
$653 . 40 
$429 . 00 
105 . 60 
4 6 . 8 0 
9 . 2 0 
1 . 2 0 
4 . 00 
1 . 30 
0 . 88 
5 . 36 
1 . 48 
0 . 88 
14 . 5 0 
4 . 50 
2 . 22 
4 . 42 
$631 . 34 
$ 22 . 06 
$214 . 5 0 
45 . 7 2 
19 . 98 
$280 . 2 0  
$ 3 7 . 00 
22 . 10 
$ 59 . 1 0  
$429 . 00 
152 . 4 0 
49 . 94 
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Appendix F ,  Table XII I .  Feed Good t o  Choice Yearl ing Steer on S ilage , 
Deferred in Drylot , Gain 4 5 0  Pounds in S ix Months 
on Farm , 18 0 Days at 2 . 5  Daily Gain to 1 , 100 
Slaughter Weight , Periods One and Two 
ACTIVITY 662 
I. Receipts : 
Slaughter steer  (22 . 00 cwt . @ $3 0 . 00) $660 . 00 
Minus death loss (1% of  $660 . 00 )  6 . 60 
Gross sales $ 653 . 4 0  
I I .  Ope�ating Expenses : 
Good to  choice steer ( 13 . 00 cwt . @ $3 3 . 00 ) $429 . 00 $4 29 . 00 
Corn ( 60 . 00 bushels @ 1 . 1 0) 66 . 00 
Corn silage ·· ( 4 . 4 0 ton @ 7 . 00 )  3 0 . 80 
Alfalfa hay ( 0 . 40 ton @ 18 . 00 )  7 . 2 0  1 04 . 00 
Supplement ( 8 . 4 0  cwt . @ 4 . 60 )  3 8 . 64 
Mineral and salt ( 40 . 00·  pounds @ 0 . 03 )  1 . 20 
Veterinary and drugs 4 . 00 
Repairs : 
Buildings (3 . 5 %  o f  $37 . 00 )  1 . 30 
Equipment ( 4 . 0% of 22 . 10) 0 . 88 
Taxes and insurance : 
Livestock ( 1 .  25% o f  $4 29 . 00 )  5 . 36 
Buildings ( 2 . 00% o f  74 . 00 )  1 . 48 
Equipment (2. ooi. o f  44 . 2 0)  0 . 8 8  
Transportation and market ing costs 14 . 50 
General overhead 4 . 5 0 
Depreciation : 
2 . 2 2  Buildings ( 3% of $74 . 00 )  
Equipment ( 10% of  4 4 . 20)  4 . 42 7 9 . 38 
Total direct cost $612 . 38 
III . Income Over Direct Costs (I minus I I )  $ 4 1 . 02 
IV . Average Operating Capit al Requirements : 
S teer inves tment  ( 0 . 50 x $4 29 . 00 )  $214 . 50 
Grain ana forage ( 0 . 30 x 104 . 00) 31 . 20 
Other direct costs ( 0 . 4 0 x 7 9 . 38 ) 3 1 . 75  
Total $ 27 7 . 45 
v .  Fixed Capital : ( 1 /2 new cost ) 
Buildings $ 3 7 . 00 
2 2 . 10 Equipment $ 59 . 10 To tal 
Appendix F ,  Table XIV . Act ivity Budgets Per Ac re of Cropland for Corn by System o f  Operat ion 
Item D!:!land O�erat ions Tow Line Center Pivot Wheel Move 
Land Class 1 2 1 1 1 
Field operat ions  $ 5 . 25 $ 5 . 74 $ 7 . 05 $ 7 . 05 $ 7 . 05 
Irrigation system and 
pumping --- --- 9 . 28 13 . 60 9 . 6 0 
Repairs on system --- -- 1 . 31 2 . 39 1 . 62 
Fertilizer , seed , weed and 
insect chemicals 9 . 3 9 8 . 54 24 . 11 24 . 11 24 . 11 
Crop insurance 3 . 00 3 . 00 4 . 50 4 . 50 4 . 50 
SUB TOTAL $17 . 64 $1 7 . 28 $ 4 6 . 25 $ 51 . 65 $ 4 6 . 88 
Interest ( 6%) 1 . 06 1 . 04 2 . 78 3 . 10 2 . 81 
SUB TOTAL $J.8 . 7 0  $18 . 32 $ 49 . 03 $ 54 . 75 $ 49 . 69 
Fixed machinery costs : 
Insurance and taxes $ 0 . 29 $ 0 . 32 $ 0 . 2 8 $ 0 . 2 8 $ 0 . 2 8  
Depreciation 0 . 94 1 . 23  I 0 . 91 0 . 9 1  0 . 9 1 
Int erest 1 . 2 2  1 . 2 2  1 . 40  1 . 40 1 . 40 
Fixed irrigat ion costs : 
Insurance and taxes --- -- 3 . 08 5 . 60 s . oo 
Depreciation --- --- 10 . 08 1 3 . 82 10 . 95 
Interest --- --- 5 . 64 7 . 93 6 . 4 6  
TOTAL $21 . 1 5  $21 . 09 $ 7 0 . 42 $ 84 . 69 $ 74 . 69 
N , ...., 
'° 
Appendix F ,  Table XIV. (continued) 
I tem 
Y ie ld (bushel ) 
Price per uni t  
GROSS RETURNS 
NET RETURNS 
Dryland Operat ions 
Land Class 1 2 
4 0  
$ 1 . 10 
$4 4 . 00 
$22 . 85 
3 3  
$ 1 . 10 
$36 . 3 0 
$15 . 21 
Tow Line 
1 
1 25 
$ 1 . 10 
$1 3 7 . 50 
$ 67 . 08 
Center Pivot 
1 
125 
$ 1 . 10 
$1 37 . 50 
$ 52 . 81 
Wheel Move 
1 
125 
$ 1 . 10 
$1 3 7  . s o 
$ 62 . 8 1 
N 
00 
0 
Appendix F ,  Table XY .  Act ivity Budgets Per Ac re o f  Cropland f o r  Corn S ilage b y  System of Operat ion 
It em D�land Operat ions Tow Line Center Pivot Wheel Move 
Land Class 1 2 1 1 1 
Field operat ions $ 7 . 69 $ 7 . 69 $ 1 0 . 12 $ 10 . 12 $ 10 . 12 
Irrigation system and 
pumping --'- - -- 9 . 28 13 . 60 9 . 60 
Repairs on sys tem - - - - - 1 . 31 2 . 39 1 . 62 
Fertilizer , seed , weed and 
insec t chemicals 11 . 5 7  1 0 . 62 27 . 90 2 7 . 90 2 7 . 90 
Crop insurance 3 . 00 3 . 00 4 . 50 4 . 50 4 . 5 0  
SUBTOTAL $22 . 26 $21 . 31 $ 53 . 11 $ 58 . 51 $ 53 . 74 
Interes t  ( 6%) 1 . 34 1 . 28 3 . 19 3 . 51 3 . 22 
SUB TOTAL $23 . 60 $22 . 59 $ 56 . 3 0  $ 62 . 02 $ 56 . 96 
F ixed machifiery cost s :  
Insurance and taxes $ 0 . 29 $ 0 . 29 $ 0 . 28 $ 0 . 28 $ 0 . 28 
Depreciation 0 . 98  0 . 98 I 0 . 91 0 . 91 0 . 91 
Interest 1 . 2 7  1 . 2 7  1 . 4 7  1 . 47 1 . 4 7 
F ixed irrigat ion cos ts : 
Insurance and taxes --- --- 3 . 08 5 . 60 5 . 00 
Deprec iat ion --- --- 10 . 08 15 . 82 10 . 95 
Interest -- - - - - 5 . 64 7 . 93 6 . 46 
TOTAL $26 . 14 $25 . 13 $ 7 7 . 76 $ 94 . 03 $ 82 . 03 
N 
()) :-a 
Appendix F ,  Table XV .  (continued ) 
Item 
Y ield (ton) 
Price per unit 
GROSS RETURNS 
NET RETURNS 
Dryland Operations 
Land Class 1 2 
8 
$ 1 . 00 
$56 . 00 
$29 . 86 
6 . 6  
$ 7 . 00 
$4 6 . 20 
$21 . 0 7  
Tow Line 
1 
2 1  
$ 7 . 00 
$14 4 . 00 
$ 66 . 24 
Center Pivot 
1 
2 1  
$ 1 . 00 
$144 . 00 
$ 49 . 9 7  
Wheel Move 
1 
2 1  
$ 1 . 00 
$144 . 00 
$ 61 . 9 7  
N 
00 N 
Appendix F ,  Table XVI . Activity Budgets Per Acre o f  Cropland for Oats by System of Operat ion 
Item D�land Operat ions Tow Line Center Pivot Wheel Move 
Land Class 1 2 1 1 1 
Field operat ions $ 4 . 66 $ 4 . 66 $ 5 . 48  $ 5 . 48 $ 5 . 48  
Irrigat ion sys tem and 
pumping --- -- 5 . 80 8 . 50 6 . 00 
Repairs on system -- --- 1 . 31 2 . 39 1 . 62 
Fert ilizer , seed , weed and 
insect chemicals 7 . 17 6 . 54 1 2 . 4 3 12 . 43 12 . 43 
Crop insurance 2 . 2 0 2 . 2 0 3 . 30 3 . 30 3 . 3 0 
SUBTOTAL $ 14 . 03 $13 . 4 0  $ 28 . 3 2 $ 32 . 10 $ 28 . 8 3 
Int erest ( 6%) 0 . 84 a . so 1 . 70 1 . 93 1 . 7 3 
SUB TOTAL $14 . 8 7  $14 . 2 0 $ 30 . 02 $ 34 . 03 $ 3 0 . 56 
Fixed machinery costs : 
Insurance and taxes $ 0 . 60 $ 0 . 60 $ 0 . 66 $ 0 . 66 $ 0 . 66 
Depreciation 2 . 2 1  2 . 21 I 2 . 3 9 2 . 3 9 2 . 39 
Interest 1 . 2 4 1 . 24 1 . 44 1 . 44 1 . 4 4 
F ixed irrigation costs : 
Insurance and taxes --- --- 3 . 08 5 . 60 s . oo 
Depreciation --- --- 10 . 08 13 . 82 1 0 . 95 
Interest --- --- 5 . 64 7 . 93 6 . 4 6 
TOTAL $18 . 9 2  $18 . 25 $ 53 . 3 1 $ 65 . 8 7  $ 57 . 4 6  
N 
co w 
Appendix F ,  Table XVI . (continued ) 
Item D�land �erat ions 
Yield {bushal) 
Price per uni t  
GROSS RETURNS 
NET RETURNS 
Land Clas s 1 
50  
$ o . s s 
$27 . 50 
$ 8 . 58 
2 
4 3  
$ 0 . 55 
$23 . 65 
$ 5 . 4 0  
Tow Line 
1 
1 1 0  
$ 0 . 55 
$ 60 . 50 
$ 7 . 19 
Center Pivot 
1 
110 
$ 0 . 55 
$ 6 0 . 50 
-$ 5 . 3 7 
Wheel Move 
1 
1 1 0  
$ o . ss 
$ 60 . 50 
$ 3 . 04 
N a> S'.' 
A?pendix F ,  Table XVI I. Activity Budgets Per Ac re of  Cropland for Wheat by System o f  Oper£t ion 
Item D!Iland Operations Tow Line Center Pivot Wheel Move 
Land Class 1 2 1 1 1 
Field operations $ 4 . 4 6  $ 4 . 4 6  $ 4 . 98 $ '• . 98 $ 4 . 9 8 
Irrigation system and 
pumping -- --- 5 . 80 8 . 50 6 . 00 
Repairs on system --- --- 1 . 3 1 2 . 39 1 . 62 
Fertilizer , seed , weed and 
insect chemicals 7 . 4 8  6 . 5 5  11 . 10 1 1 . 10 11 . 62 
Crop insurance 2 . 2 0  2 . 2 0 3 . 3 0  3 . 30 3 . 3 0 
SUBTOTAL $14 . 14 $13 . 2 1 $ 2 6 . 49 $ 30 . 2 7  $ 2 7 . 52 
Interest ( 6%) 0 . 85 0 . 7 9 1. 59 1 . 82 1 . 65 
SUB TOTAL $14 . 99 $14 . 00 $ 2 8 . 08 $ 3 2 . 09 $ 2 9 . 1 7  
Fixed machinery costs : 
Insurance and taxes $ 0 . 60 $ 0 . 60 $ 0 . 66 $ 0 . 66 $ 0 . 66 
Depreciation 2 . 21 2 . 21 I 2 . 3 9 2 . 3 9 2 . 3 9 
Interest 1 . 24 1 . 24 1 . 4 4  1 . 44 1 . '• 4 
Fixed irrigation costs : 
Insurance and taxes - -- --- 3 . 08 5 . 60 s . oo 
Depreciation --- --- 1 0 . 08 1 3 . 82 10 . 95 
Interest --- --- 5 . 64 7 . 93 6 . 4 6  
TOTAL $19 . 04 $18 . 05 $ 51 . 37 $ 6 3 . 93 $ 56 . 07 
N 
co V1 
Appendix F ,  Table XVII .  (continued) 
Item D!l:land �erations 
Y ield (bushel) 
Price per unit 
GROSS RE 'ruRNS 
NET RETURNS 
Land Class 1 
2 7  
$ 1 . 25 
$33 . 7 5  
$14 . 7 1  
2 
2 3  
$ 1 . 25 
$28 . 7 5 
$1 0 .  70 
Tow Line Center Pivot 
1 1 
60 60 
$ 1 . 2 5 $ 1 . 2 5 
$ 7 5 . 00 $ 7 5 . 00 
$ 2 3 . 63 $ 1 1 . 07 
Wheel Move 
1 
6 0  
$ 1 . 25 
$ 7 5 . 00 
$ 18 . 93 
N 
OQ 
°' 
Appendix F ,  Table XVI II . Act ivity Bu.dgets Per Acre o f  Cropland for Barley by System o f  Operat ion 
Item D!}:land OEerat ions Tow Line Center Pivot Wheel Move 
Land Class 1 2 1 1 1 
Field operations $ 4 . 56 $ 4 . 56 $ 5 . 18 $ 5 . 18 $ 5 . 18 
Irrigat ion sys tem and 
pumping --- -- 5 . 8 0 8 . 50 6 . 00 
Repairs on sys tem --- --- 1 . 31 2 . 39 1 . 62 
Fert iliz er , seed , weed and 
insect chemicals 7 . 10 6 . 67 11 . 22 11 . 22 1 1 . 2 2  
Crop insurance 2 . 2 0 2 . 2 0 3 . 3 0  3 . 30 3 . 3 0 
SUB TOTAL $13 . 8 6 $13 . 4 3 $ 2 6 . 81 $ 30 . 59 $ 2 7 . 32 
Int erest ( 6 %) 0 . 8 3  0 . 81 1 . 61 1 . 84 1 . 64 
SUBTOTAL $14 . 69 $14 . 24 $ 2 8 . 42 $ 32 . 43 $ 2 8 . 9 6 
Fixed machinery costs : 
Insurance and taxes $ 0 . 60 $ 0 . 60 $ 0 . 66 $ 0 . 66 $ 0 . 66 
Depreciation 2 . 2 1  2 . 2 1 I 2 . 39 2 . 39 2 . 39 
Interest 1 . 2 4 1 . 24 1 . 44  1 . 44 1 . 4 4  
Fixed irrigation costs : 
Insurance and taxes --- --- 3 . 08 5 . 60 s . oo 
Depreciation --- --- 10 . 08 1 3 . 82 10 . 95 
Interest --- --- S . 64  7 . 93 6 . 4 6  
TOTAl1 $18 . 74 $18 . 2 9 $ 51 . 71  $ 64 . 2 7 $ 55 . 8 6  
N 
CX> 
" 
Appendix F ,  Table XVIII.  (continued) 
Item D::Iland Operat ions 
Y ield (bushel) 
Price per unit 
GROSS RETURNS 
NET RETURNS 
Land Class 1 
4 0  
$ 0 . 85 
$34 . 00 
$15 . 2 6  
. 2 
3 4  
$ 0 . 85 
$28 . 90 
$10 . 61 
Tow Line Center Pivot 
1 1 
85 85 
$ 0 . 85 $ 0 . 85 
$ 7 2 . 25 $ 72 . 2 5 
$ 2 0 . 54  $ 7 . 9 8  
Wheel Move 
1 
85 
$ 0 . 8 5 
$ 72 . 2 5 
$ 16 . 39 
N 
00 00 
Appendix F ,  Table XIX . Act ivity Budgets Per Acre o f  Cropland for Flax by System of Operat ion 
Item D!Z:land Operat ions Tow Line Center Pivot Wheel Move 
Land Class 1 2 1 1 1 
Field operat ions $ 4 . 31 $ 4 . 31 $ 4 . 41 $ 4 . 41 $ 4 . 41  
Irrigat ion sys tem and 
pumping -- -- 5 . 80 8 . 50 6 . 00 
Repairs on sys tem -- --- 1 . 3 1  2 . 39 1 . 62 
Fertiliz er , seed , weed and 
insect chemicals 6 . 69 6 . 4 6  7 . 54 7 . 54  7 . 5 4  
Crop insurance 1 . 10 1 . 10 2 . 20 2 . 20 2 . 20 
SUBTOTAL $12 . 10 $11 . 8 7 $ 21 . 2 6  $ 25 . 04 $ 21 . 7 7 
Interest ( 6%) 0 . 7 3 0 . 71 1 . 28 . 1 . 50 1 . 31 
SUBTOTAL $12 . 83 $12 . 58 $ 22 . 54 $ 26 . 54 $ 23 . 08 
Fixed machinery cos ts : 
Insurance and taxes $ 0 . 60 $ 0 . 60 $ 0 . 66 $ 0. 66 $ 0 . 66 
Depreciation 2 . 21 2 . 21 ' 2 . 39 2 . 39 2 . 3 9 
IntereE· t 1 . 24 1 . 24 1 . 44 1 . 44 1 . 44 
Fixed irrigation costs : 
Insurance and taxes --- --- 3 . 08 5 . 60 5 . 00 
Depreciation --- -- 10. 08 13 . 82 10 . 95 
Interest -- --- 5 . 64 7 . 93 6 . 46 
TOTAL $16 .88 $16 . 63 $ 45 . 83 $ 58 . 38 $ 4 9 . 98 
N 
CX> \0 
Appendix F ,  Table XIX. (contin.ued) 
Item D:!:!land 2Eerations 
Yield (bush�l) 
Price per unit 
GROSS RE'ruR?lS 
NET RETURN� 
Land Class 1 
11 
$ 2 . 4 5 
$26 . 95 
$10 . 07 
2 
9 
$ 2 . 4 5  
$22 . 05 
$ 5 . 42 
Tow Line Center Pivot 
1 1 
23 23 
$ 2 . 4 5 $ 2 . 45 
$ 56 . 35 $ 56 . 35 
$ 10 . 52 - $ 2 . 03 
Wheel Move 
1 
23 
$ 2 . 45 
$ 56 . 35 
$ 6 . 3 7  
N '° 
0 
Appendix F ,  Table XX. Activity Budgets Per Acre o f  Cropland for Al falfa by System o f  Operat ion 
Item D!:!land 02erat ions Tow Line Center Pivot Wheel Move 
Land Clas s 1 2 1 1 1 
F ie ld operations $ 1 . 30 $ 1 . 30 $ 6 .  72  $ 6 . 72 $ 6 . 7 2  
Irrigation sys tem and 
pumping -- -- 11 . 60 1 7 . 00  1 2 . 00 
Repairs on sys tem -- --;- 1 . 3 1 2 . 3 9  1 . 62 
F er tiliz er , seed , weed and 
insect chemicals 4 . 50 4 . 01 1 2 . 7 9  12 . 7 9 12 . 79 
Crop insurance --- --- 2 . 00 2 . 00 2 . 00 
SUBTOTAL $ 5 . 80 $ 5 . 3 1 $ 34 . 42 $ 40 . 90 $ 35 . 13 
Int erest ( 6%) 0 . 3 5 0 . 32 2 . 06 2 . 45 2 . 11 
SUB TOTAL $ 6 . 15 $ S . 63 $ 36 . 48 $ 4 3 . 35 $ 3 7 . 24 
Fixed machinery costs : 
Insurance and truces $ 0 . 3 2  $ 0 . 32 $ 0 . 10 $ 0 . 10 $ 0 . 10 
Depreciation 0 . 17 0 . 17 0 . 3 1 0 . 31 0 . 31 
Interest 0 . 9 6  0 . 96 
I 
1 . 47 1 . 4 7 1 . 4 7 
F ixed irrigat ion costs : 
Insurance and taxes --- --- 3 . 08 5 . 60 5 . 00 
Depreciation --- --- 1 0 . 08 1 3 . 82 10 . 9 5 
Interest --- --- 5 . 64 7 . 93 6 . 4 6  
TOTAL $ 7 . 60 $ 7 . os $ 57 . 16 $ 72 . 58 $ 61 . 53 
N \0 
..... 
Appendix F ,  Table XX. ( continued) 
Item Dryland 2_Ee rations 
Yield (ton) 
Pri ce per uni t  
GROSS RETURNS 
NET RETIJRNS 
Land Class 1 
1 . 6  
$18 . 00 
$28 . 80 
$21 . 20 
2 
1 . 4  
$18 . 00 
$25 . 20 
$18 . 12 
Tow Line Center Pivot 
1 1 
6 . 0 6 . 0  
$ 18 . 00 $ 18 . 00 
$108 . 00 $108 . 00 
$ 50 . 84 $ 35 . 42 
Wh ee l Move 
1 
6 . 0 
$ 1 8 . 00 
$108 . 00 
$ 4 6 . 4  7 
l..l 
\.") 
N 
Appendix F ,  Table XXI .  Activity Budgets Per Acre o f  Cropland for Soybeans b y  Sys tem o f  Operat ion 
I tem D:Eiland Operat ions Tow Line Center P h•ot Wheel Move 
Land Class 1 2 1 1 1 
Field operat ions $ -- $ --- $ 5 . 33 $ 5 . 3 3 $ 5 . 3 3 
Irr igation sys tem and 
pumping --- - - - 9 . 28 13 . 60 9 . 60 
Repairs on sys tem --- -- 1 . 31  2 . 39 1 . 6 2 
Fertilizer , s eed , weed and 
insec t chemicals -- --- 1 3 . 46 13 . 4 6 1 3 . 46 
Crop insurance -- --- 3 . 75 3 . 7 5 3 . 75 
SUBTOTAL $ --- $ -- $ 3 3 . 13 $ 3 8 . 53  $ 33.  76  
Interes t  ( 6%)  -- -- 1 . 99 2 . 31 2 . 0 2 
SUBTOTAL $ --- $ --- $ 3 5 . 12 $ 40 . 84 $ 35 . 78 
Fixed machinery costs : 
Insurance and taxes $ --- $ --- $ 0 . 62 $ 0 . 62 $ 0 . 62 
Depr eciation --- --- I 2 . 12 2 . 12 2 . 1 2 
Interest  --- --- 1 . 2 8 1 . 28 1 . 2 8 
F ixed irrigat ion cost s :  
Insurance and taxes --- --- 3 . 08 5 . 60 5 . 00 
Deprec iat ion --- -- 10 . 08 13 . 82 10 . 9 5  
Interest --- --- 5 . 64 7 . 93 6 . 46 
TOTAL $ -- $ --- $ 5 7 . 94 $ 7 2 . 21 $ 62 . 21 
N '° 
(,,.) 
. ppendix F ,  Table XXI . {continued) 
Item 
Y i al.d (bushel) 
Pr i� e  pe.r unit 
GROSS RETIJRNS 
NET RETURNS 
� 
land Class 
$ ---
$ -­
$ ---
at ions 
2 
� 
$ - �  
$ --­
$ ---
Tot.J Line 
1 
35 
$ 2 . 2 0 
$ 7 7 . 00 
$ 19 . 06 
;;;;;---- --���-
- �enter Pivot Wheel Move 
1 1 
35 35 
$ 2 . 2 0 $ 2 . 20 
$ 7 7 .  00 $ 7 7 . 00 
$ 4 . 7 9 $ 14 . 79 
«· }'' l 
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Appendix F ,  Table XXII . A� tivity Budgets Per Acre for Improved Pasture 
by System of Operation 
Item Tow Line Center Pivot Wheel Move 
Field operations $ 1 .  75 $ 1 . 75 $ 1 . 75 
Irrigation system 
and pumping s . 12 11 . 90 8 . 40 
Repairs on system 1 . 31 2 . 39 1 . 62 
Fertilizer , seed , weed and 
insect chemicals 17 . 30 17 . 30 1 7 . 30 
Crop insurance 
SUBTOTAL $28 . 48 $33. 34 $29 . 07 
Interest (6%) 1 . 70 2 . 00 1 .  74 
SUBTOTAL $30. 18 ' $35 . 34 $30. 81 
Fixed machinery costs : 
$ 0 . 30 $ 0 . 30 Insurance and taxes $ 0 . 30 
Depreciation 1 . 33 1 . 33 1 . 3 3 
Interest 0 . 92 0 . 92 0 . 92 
F ixed irrigation costs :  
Insurance and taxes 3 . 08 5 . 60 5 . 00 
Depreciation 10 . 08 13 . 82 10 . 95 
Interest 5 . 64 7 . 93 6 .4 6  
TOTAL $51 . 53 $65 . 24 $55 . 7 7  
Yield (A.U  .M . )  10 1 0  1 0  
Price ( $4 . 00 per A .U .M . )  4 . 00 4 . 00 4 . 00 
GROS S RETURNS $40.00 
$40 . 00 $40 . 00 
NET RETURNS -$11 . 53 
-$25 . 2 4  -$15 . 77  
APPENDIX G 
TABLES OF AS SUMED I RRIGATION COSTS AND CROP 
CHEMI CAL REQUI REMENTS DATA 
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Appendix G ,  Table I .  
Cost Item 
100 foot well at 
$24 per foo t 
Gearhead , pump ,  
and mo tor 
Mainline (PVC) 
Water d istribution 
ay tem 
TOTAL NEW INVES 'll1ENT 
(PVC) 
Acres irrigated 
INVESTMENT PER ACRE 
(PVC) 
Dollar savings 
per acre 
Percent savings 
per acre 
*Reflects an increase 
Estimated Irrigat ion Investment Costs  for 160 
Acres of Irrigable Land 
Estimated New Cost of Well  and System 
Tow Line Wheel Move Center Pivot B ig Gun 
$ 2 , 400 . 00 $ 2 , 400 . 00 $ 2 , 4 00 . 00 $ 2 , 400 . 00 
5 ,600 . 00 5 , 600 . 00 6 , 200 . 00 1 ,000 . 00 
4 , 300 . 00 3 , 600 . 00 650 . 00 4 , 300 . 00 
9 ,600 . 00 12,500 . 00 18,00 0 . 00 9 ,500 . 00 
$21 , 900 . 00 $24 ,100 . 00 $27 , 250 . 00 $23 , 2 00 . 00 
152 154 138 15 4 
$ 144 . 0 8  $ 156 . 49 $ 1 9 7 . 4 6  $ 150 . 6 5  
o . 66 5 . 20 1 . 09 0 . 65*  
0. 4% 3 . 2% o . 5% 0 .4%* 
in costs , not a savings . 
Source : The estimated investment costs were esta
bl ished in consultat ion 
with s .  w. Black, Extension Irrigation Specialist , South Dakot a  
State Univers ity , June , 19 7 1 .  
2 9 7  
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Appendix G, Table II. Annual Fixed Cos t s  o f  Selected Irrigation Systems 
for 160 Acres of Irrigable Land 
Fi:ted Cost Item Tol·7 Line Wheel ?A..ove Center Pivo t B i� Gun 
Interest on develop-
ment inves tment 
(8% on average 
investment ) $ 8 8 0 . 0 0  $ 9 95 . 00 $1 , 09 5 . 00 $ 925 . 00 
Deprecia t ion : 14 years 
average life o f  
system 1 , 5 7 0 . 00 1 , 780 . 00 1 , 96 0 . 00 1 , 65 0 . 00 
Insurance on sys tem 1 60 . 00 2 00 . 00 300 . 00 170 . 00 
Personal property 
tax (1 . 257.)  240 . 00 . 280 . 00 310 . 00 2 60 . 00 
Est imated added real 
estate tax 80. 00 80 . 00 8 0 . 00 80 . 00 
TOTAL ADDED ANNUAL 
FIXED COSTS $2 , 93 0 . 00 $3 , 3 35 . 00 $3 , 74 5 . 00 $3 , 085 . 00 
Acres irrigated 152 154 138  154 
FIXED COST PER ACRE $ 19 . 2 8 $ 21 . 66 $ 2 7 . 14 $ 20 . 03 
Source : The annual fixed costs were est abl ished in consultat ion with 
s .  w. B lack , Extension Ir rigation Spec ialist , South Dakota 
S tate Unive rs ity , June , 197 1 .  
Appendix G ,  Table III . Variable Irrigation System and Pumping Costs for 1 60 Acres of  Irrigable Land 
Crops 
Corn for grain 
Corn for silage 
Small grain 
Alfalfa 
Pasture 
Average for all crops 
(revised figures) 
Percent of new in�estment 
excluding land shaping 
cost  (revised ) 
Tow Line 
$ 9 . 2 8 
9 . 28 
5 . 80 
11 . 60 
8 . 12 
$ 0 . 3 7 
0 . 25% 
Variable Water Pumping Costs  in Dollars per Acre 
Wheel Move Center Pivot Big Gun Gross Water 
Applied 
$ 9 . 60 $1 3 . 60 $16 . 00 16 in . 
9 . 60 13 . 60 16 . 00 16 in . 
6 . 00 a . so 10 . 00 10 in . 
1 2 . 00 1 7 . 00 20 . 00 2 0  in . 
8 . 40 11 . 00 14 . 00 14 in. 
Cost  o f  Repairs on System in Dollars per Acre 
$ 0 . 70 $ 1 . 00 $ 0 . 4 5  
0 . 30% 0 . 50% 0 . 30% 
Source : The variable costs were established in consultation with s .  W. Black , Extension Irrigation 
Specialist ,  South Dakota S tate University , June , 197 1 .  
f'..) \0 \0 
Appendj.x G ,  Table IV . Plant Food Requ ired for Each Bushel o f  Grain 
or Ton o f  Forage 
Crop lbs . o f  Lbs .  o f  Lbs .  o f  
N P205 K20 
Corn silage 7 . 5  2 . 5  s . o  
C.Orn grain 1 . 5  o . s 1 . 0  
Oats o . s 0 . 4  o . 8  
Barley 1 . 2  o . s  1 . 0  
Soybeans 5 -. 5 1 . 2  1 . 8  
Flax 4 . 0  1 . 1  1 . 8  
Wheat 1 . 8  0 . 8  1 . 0  
Alfalfa hay 55 . 0  12 . 0  32 . 0  
Source : Myron w .  Wol f f ,  "An Economic Analys is o f  Selected Irrigat ion 
Syst ems Applicable to The Eastern Missouri Slope Area of South 
Dakota" (unpubl ished Mas ter ' s  thes is , South Dakota State 
University , 1 9 7 0) , p.  184 . 
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Appendix G,  Table V .  Est imsted P\llte o f  Fert ilizer Applicat ion for 
Each Crop 
Nitrogen1 Phosphat e1 
Crop percent2 lbs .  percent2 
Corn 7 5  1 . 12 80  
Oats 7 5  0 . 60 100 
Bar ley 50 0 . 60 · 100 
Wheat 50 0 . 90 1 00 
. Flax f 0 . 42 f 
Soybeans 10 0 . 55 50 
Sor ghum 75 1 . 12 8 0  
Alfalfa 0 0 80 
301 
lbs .  
0 . 40 
0 . 4 0  
o . s o  
o .  75 
0 . 28 
0 . 60 
0 . 4 0  
9 . 60 
1Pounds o f  plant food removed by each bushel o f  grain or ton o f  
forage given in Appendix c ,  Table IV . 
2Percent of  plant food that will come from fert ilizer--remainder 
will come from soil . 
f • 70 percent of  that recommended for oat s . 
Source : Myron w. Wol ff , "An Economic Analys is of  Selected Irrigat ion 
Sys tems Applicable to The East ern Mis souri S lope Are a  o f  South 
Dako ta" (unpub l ished Mas t er ' s  thes is , South Dakot a  St ate 
University , 19 7 0) , p .  185 . 
Appendix G,  Table V I .  Fert il izer Cos t s  
Nitrogen $ . 0 7  a unit 
Phosphate $ . 09 a unit 
Potash $ .06 a unit 
Source : Myron W.  Wol f f ,  "An Economic A."lalys is o f  Selected Irrigation 
Systems Appl icab le to The Easten1 Missouri Slope Area o f  South 
Dakot a" {unpublished Mas ter ' s  thesis , South Dako t a  St ate 
Univers ity , 1 9 7 0) , p. 186 . 
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Appendix G, Tnble VII . Estimated . Fertilizer Needs to Give Anticipated Crop Yields 
D_rr_land 
-· --
Irrigated D!Y!_�n_d_ Irrigated Drr_l._a_nd !_rt"_igated 
Crops 
lbs . o f  N lbs . o f  P205 lbs .  of  K20 
Corn grain 44 . 8  140 . 0  16 . 0  50 . 0 10 . 0  30 . 0  
Corn silage 52 . 5  150 . 0  1 7 . 5  so . o  35 . 0  100 . 0  
Soyb eans 19 . 3  21 . 0  6 . 0 
Wheat 24 . 3  54 . 0  21 . 0  45 . 0  6 . 0  6 . 0  
Al falfa so . a  150. 0 I 
Flax 5 . 9 10 .5  3 . 9  7 . 0  6 . 0  6 . 0  
Barley 24 . 0  51 . 0  20. 0 42 . 5  6 . 0 6 . 0  
J 
Oats 28 . 8  66 . 0  19 . 2  41+ . 0  6 . 0  6 . 0  
Source : Myron W. Wolff , "An Economic Analysis o f  Selected Irrigation Systems Applicable to The 
Eastern Mi�souri Slope Area of  South Dakota" (unpublished Master' s thesis , South Dakota 
State University , 1970) , p. 187 . 
- ---·--··--
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· Appendix G, Table VI II . Es timated .Cos t s  for Fert ilizer , Weed , and Insect Chemicaln Per Acre 
Dryland-Irrigated Dryland-Irriga ted Dryland-Irrigated Dryland-Irrigated Dryland-Irrigated 
. Crops Nitrogen P205 K20 Herbicides Total 
Gcrn grain $3 . l'• $ 9 . 80 $1 . 44 $'• . 50 $ . 60 $ 1 . 8 0  $3 . 00 $5 . 00 $ 8 . 39 $21 . 5 0  
Corr, silage 3 . 68 10 . 50 1 . 58 4 . 50 2 . 10 6 . 00 3 . 00 s . oo 1 0 . 5 7  26 . 4 0  
S oyb eans 1 . 62 2 . 27 • 36 4 . 82 8 . 42 
Wheat 1 . 7 7  3 . 78 1 . 90 4 . 05 . 36 . 36 . 85 1 . 00 4 . 88 9 . 1 9 
Al falfa 4 . 50 13 . 50 4 . 50 1 3 . 50 
ll'lax . 42 . 74 . 35 . 63 . 30 . 30 2 . 12 2 . 12 3 . 19 3 . 79 
I;arley 1 . 68 3 . 5 7 1., 80 3 . 8 3  . 36 . 36 1 . 26 l . jl 5 . 10 9 . 2 7  
Ost a 2 . 02 4 . 62 1 .  7' 3  3 . 96  . 36 . 36 1 . 26 1 . 26 5 . 3 7 10 . 2 0 
Sourca : Myro;l w .  Wo lff , "An Economic Analys is o f  Selected Irrigation Systems .Applicable to The 
Eas tern Mis souri Slope Area of South Dakota" (unpub l ished Master ' s thes is , South Dakota 
State Univer�i ty ,  197 0) , p .  188 . 
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